NASA Technical Memorandum 84666

COMPUTER PROGRAMS FOR SMOOTHING

A: . SCALING AIRFOIL COORDINATFS

(3ASA-TN-84666) CCMEUTER EECGEANMS FOR
SHO0T ..i86 ABD SCALIMG AIRFGIL COOBDINAIES
(¥ASA) 187 p HC 309/KF 101 CSCL Q1A

NES-31011

Unclas
G3/02 16038

Harry L. Morgan, Jr.

July 1983

NASA

National Aeronautics and
Space Administration

Langley Research Center
Hampton, Virginia 23665



SUMMARY

This report contains detailed descriptions of the theoretical
methods and associated computer codes of a program to smooth and a
program to scale arbitrary airfeil coordinates. The smoothing pro-
gram uvtilizes both least~squares polynomial and least-squares cubic
spline techniques to smooth iteratively the second derivatives of
the y-axis airfoil coordinates with respect to a transformed x-axis
system which unwraps the airfoil and stretches the nose and
trailing-edge regions. The corresponding smooth airfoil coordinates
are then determined by solving a tridiagonal matrix of simultaneous
cubic spline equations relating the y-axis coordinates and their
corresponding second derivatives. A technique for computing the
camber and thickness distribution of the smoothed airfoil is aiso
discussed.

The scaling program can then be used to scale the thickness
distribution generated oy the smoothing prrogram to a specified maxi-
mum thickness which is then combined with the camber distribution to
obtain the final scaled airfoil contour. Computer listings of the
smoothing and scaling prograns are included as appendices. A user-
guide and sample input and@ output cases for both programs are also
included as appendices. Both computer programs are available from
COSMIC with identifications LAR-~13132 for the airfoil smoothing pro-

gyram "AFSMO" and LAR-13133 for the airfoil scaling program "AFSCL".
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INTRODUCTION

Since its early beginning, the NACA and the NASA have been
actively involved in the design and testing of airfoil sections
for a wide variety of applications. During the 1930's, 40's,
and 50's, the airfoils developed by the NACA consisted of the
well-known 4-digit-, 5-digit-, 1l-, 6-, and 7-series airfoils.
These airfoils were generated by combining thickness and camber
distributions that were defined analytically by polynomial equa-
tions of various order, and, therefore, the surface coordinates
of these airfoils are very smooth. A summary of many of the
NACA airfoils and a detailed description of the eguations used
to generate their coordinates are presented in reference 1.

During the mid-1960's, the introduction of the supercriti-
cal airfoil concept by Dr. Richard Whitcomb of the Langley
Research Center created a renewed interest in the development of
an improved series of airfoils for applications at high subsonic
and transonic flow conditions. Initial attempts to generate a
series of supercritical airfoils from analytical expressions
were unsuccessful because no thecretical methods were available
to guide in the selection of adequate analytical expressions
relating airfoil shape and the desired high-speed flow charac-
teristics. During the early 1970's, Dr. Paul R. Garabedian of
New York University developed a series of computer codes for the
design and analysis of supercritical airfoils with no or very
weak shocks. These codes, as described in reference 2, relied
on a system of equations based on the methocd of complex charac-
teristics in the hodograph plane and are solved numerically

using conformal mapping and fast Fourier transform techniques.
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During the mid- and latter-1970's, the NASA was also
actively involved in the development of an improved series of
subsonic airfoils for application to general aviation, glider,
and commuter aircraft. Several computer codes were developed,
such as the NASA/Lockheed-Georgia Multi-Component Airio0il Code
(ref. 3) and the Eppler Low-Speed Airfoil Code (ref. 4) to aid
in the design and analysis of these new airfoils. These codes
utilize a variety of conformal mapping and distributed source-
and vortex-singularity methods to obtain the potential flow
characteristics of the airfoil and a variety of finite-
difference and integral boundary-layer methody to obtain the
viscous characteristics.

Both the subsonic and transonic airfoil codes have under-
gone extensive refinement and improvement in the past decade and
are widely utilized by both the domestic and foreign scientific
communities. The agreement between the theoretical and experi-
mental characteristics of the airfoils designed using these codes
has been generally excellent for airfoils with fully attached
flow. The rapid development of the high-speed digital computer
since the 1970's has greatly reduced the computer costs to
design and analyze a new airfoil; therefore, it is no longer
necessary to test a large number of airfoils to obtain one with
the desired performance characteristics. The theoretical meth-
ods used in these computer codes are generally sensitive to the
numerical techniques used and, as a result, often generate air-
foils with wavy or unsmooth surface coordinates. The transonic
airfoils have been shown to be particularly sensitive to coordi-

nate smoothness both experimentally and theoretically.
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The purpose of this report is to describe in detail the
features of a computer code developed to smooth and scale air-
foil coordinates. The smoothing code utilizes a variety of
least-squares poynomial and cuwvic spline techniques to smooth
the airfoil coordinates in the second derivative. The computer
code has an internal Langley designation of "AFSMO" and consists
primarily of a main controlling program and an input, a smooth-
ing, a punch octput, and plotting subroutines. Additiunal
subroutines have been included to compute the camber and thick-
ness d:stributions of the smoothed airfoil and to interpolate
additional coordinates. The airfoil scaling program has an
internal Langley designation of "AFSCL" and uses the camber and
thickness distribution data generated by the AFSMO code to
generate additional airfoil shapes with the same camber distri-
bution and a scaled thickness distribution. The AFSCL code
consists of a main controlling program, a subroutine to scale
the coordinates, and a subroutine to fit a cubic spline through
a set of input points. A detailed description of the smoothing
and scaling methods used in these codes is presented in addition
to a discussion of the possible applications of the codes.
Appendices are included that describe the user input require-~
ments, a sample input case, a sample output listing, sample

plots, and tabulated listings for both programs.
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SYMBOLS
polynomial coefficients
chord of airfoil
generalized cubic spline function
cubic spline interval
curvature
value of x/c where 6 = 7

total number of upper and lower surface
coordinates

thickaess

least-squares cubic spline smoothing parameter
weighting factor

coordinates of airfoil

nondimensionalized x/c and y/c coordinates
coordinates in local camberline axis system
x/c and y/c coordinates of camberline
d(y/c)/de

a*(y/c)/ae’

local surface slope in x- and §-axis system
local slope of camberline

X-axis transformation function

camber
iteration or element number
lower surface

upper surface
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Smoothing Criteria
The smoothness criteria used in the development of the smooth-
ing method presented in this report is that tne curvature distribu-
tion of the airfoil surface be continuous and smooth. The curva-
ture, which is the reciprocal of the radius-of-curvature, is defined

as

‘dzy/dx2

T 2L'3/2 (1)
[1 + (%) ]

The curvature distribution will be continuous, provided the airfoil

k =

contour is continuous with single-valued upper and lower surface
coordinates. This can easily be determined by visual inspection of
the initial input airfoil shape. The application of cubic spline
functions to relate the smoothed y-axis airfoil coordinates to their
smoothed second derivatives with respect to the x-axis will insure
that the firsc derivatives are smooth and, consequently, that the
curvature distribution is also smooth. Therefore, the smoothing
method established is first to compute the second derivatives of the
input airfoil coordinates, to smooth the second derivatives, and
then to employ cupic spline functions to determine the new smoothed
airfoil coordinates.

The second derivatives of the input y-~coordinates are deter-
mined by fitting a least-squares polynomial to each coordinate and a
specified number of points adjacent to the co.rdinate and then by
analytical diffcrentiation, computing the secod derivative of the
coordinate ana its new y~-value. This procedure is repeated for each

y-coordinate unt..l a new set of y-values are btained which are then
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substitutea for the previous ‘et of y-values. The entire procedure
is repeated and each time the sum of the squares of the differences
between the current and prior second derivatives is computed. This
iterative procedure continues until a specified numver of iterations
have been reached, or the sum of the sjuares quantity falls below a
specified value or begins to oscillate.
X-Axis Transformation Function

Initial attempts to employ this least-squares polynomial tech-
nigque to an input set of x- and y~ coordinates resulted in large
oscillations in the computed second derivatives and the new y-values
from one iteration to the next. The oscillation was caused by the
very rapid change in the curvature in the nose or leading-edge
region which is characteristic of most airroils. This problem was
eliminated by utilizing an x-axis transformation function that
stretches the axis in the ncse region. One such transfcrwation
furiction used in the multi-component airfoil analysis code developed

by Lockheed-Georgia (ref. 3) is

[1 - cos (6)] ' (2)

where 0 < 8 < n. However, this transformation function stretches

tof—

X =

the x-axis in both the leading- and trailing-edge regions. For
application in the multi-component analysis code this stretching at
both ends of the airfoil is necessary to ensure adequate definition
of the maximum suctioan peak 1n the leading-edge region and to
properly satisfy the Kutta flow condition in the trailing-edge reg-
ion. To smooth an airfoil coes not require as much stretchingof the
x-axis in the trailing-edge reg.on as in the leading-edge region

because the curvature is generally considerably less near the
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trailing edye of the airfoil. The hyperbolic functions behave in a

manner sirilar to that for trigometric functions and, after consi-

derable trial-and-error, the following transformation equation was
found that reduced the amount of trailing-edge stretching and that
could be mated with the trigonometric equation (2) for the leading

edye:

% = K {tan'l [sinh (6 = x/2)] + 1 } . (3)

where n/2 < 8 < n. The constant K was determined by specifyiny chat

at 0 equals n, the value of X is unity; therefore,

K = L = 0.46278 (4)

tan Y [sinh (v/2)] + 1

By substituting the constant of 1/2 in equation (2) with the con-

stant K from equation (3), the transformation eguation for the
leading-edge region becomes

x = K [1 - cos(8)] (5)
where 0 <8 < /2,

The first and second derivatives of equation (3) are

dx _ K

dé  Tcosh (6 - ©/2) and (6)
2~ .
dx _ _ Ksinh (6 - n/2)
14
de? cosh? (8 - n/2) (7)

respectively, and of equation (5) are
dx/de = K sin (9) and (8)
d%2x/da0%2 = K cos (9) , (9)
respectively. At 6 = ®/2, the value of equatioans (3), (5), (6), and
(8) is €71ual to K and the value of equations (7) and (9) is zero

8
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which verifies that the leading- and trailing-edge transformation

equations are continuous at the matching point. A plot of the

resultant transformation function and its first and second deriva-

tives are presented in figure 1 and tabulated in tarle I.

The inverse of eyguation (3) 1s

- l)] ’ (10)

where sinh~!(z) = 1n (z #\/zz + 1) and the inverse of equation (5)

Rix

@ = 1/2 + sinh -1 [tan (

is

)e (11)

=il

o = cos~! (1 -

The first and second derivatives of the §-coordinate with respect to
X can be obtained from the derivatives with respect to the 6 value

using the following relationships:
dy/a% = 3* mzo— (12)
Y Y 3x/de

v"(d%/de) - ¥' (d%%/de?)
dx/de)>

d2§/d§2 = (13)

Piecewise Least-Squares Polynomial Smoothing to Determine
Second Derivative
The piecewise least-squares polynomial smoothing procrdure
requires that the independent variable increase monotonically tc
prevent simultaneous smoothing of upper and lower surface coordi-
nates. This meant simply that the airfoil had to be unwrapped
around the nose, v*ich was easily accomplished by letting the lower

surface transformation function run trom 0 to -n and the upper sur-
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face function run from ¢ to +w. The remaining problem associated
with computing the second derivatives using the least-squares poly-
nomial procedure was to determine the number of points to include
adjacent to the coordinate point and the degree of the polynomial.
To determine these two quantities, the coordinates of the well-' - n
NACA 0012 airfoil were input and various values were tried for each
guantity until a combination was found that produced the best agree-
ment between the calculated and theoretical values of the second
derivatives. The number of points adjacent to the coordinate point
was found to be 3 before and 3 after for a total of 7 points, and
the degree of the polynomial was found to be 4. The computer code
for the piecewise least-squares pulynomial smoothing procedure is

contained in subroutine LSQSMO.

Least-Squares Cubic Spline Smoothing of Secona Derivative
After completion cof the least-squares polynomial smoothing proce-
dure, the resultant values of y" are input to subroutine CSDS which
was formulated based on a method that fits a swooth cubic spline
through a set of input data in a least-squares manner. The method

defines a continuous cubic spline function in the form
3 2
where hi = (8 - ei) and i =1, 2, 3, . . . , N-1.

The coefficients ai, bi' ci, and di are com~ruted such that

10
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2
N -
g(8). f,
2 — < (15)
. Sfi
i=l
J'QN 2 ,..2]2
and [é g/dae d6 is a minimum (16)
6
1

where the smoothing parameter S is in the intorval (N - ¥2N) < S <
(N + ¢2N}, N is the number of points, f; = y;", and &f; is

the allowable standard error deviation of f;. A detailed descrip-
tion of the least-squares cubic spline method is presented in refer-
ence 5. After extensive application of the smoothiny program to a
wide range of airfoil shapes, the value of 10-* was selected for
standard error deviation and a conservative value of N was chosen

for the smoothing parameter S.

Cubic-Spline to Compute New y-Coordinate.

After obtaining the new smoothed second derivatives, tne next
step 1s to determine the corresponding smoothed y-coordinate values
that are also smooth and continuous in the interval between input
points. The natural choice was a cubic spline which consists of
defining the y coordinates between the interval end points with a
third-order rpolynomial similar to eguation (l4) and solving for the
coefficients so that the ¥ coordinates and the first- and second-
derivatives at the intersection with the adjacent irterval are equalat
each end. This ensures that the y coordinates, the slope, and the
curvature are continuous and smooth. The cubic spline polynomial

and its first- and second-~derivatives are:
11
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- 3 2
yi = aihi + bihl + clhi + di ’ (17)
7' = 3a.h;2 + 2b.h; 4 c (18)
Y'y ihj ihy t o5

and y". = 6a,h, + 2b; (19)

where hi = (0 - ai).

At the two end points of the ith interval, the y coordinates

are

y; = 9y (20)
at 3 = ei and

- 3 2

yi‘.’l = aih; + bihi + Cihl + dl (21)

at 6 = 0, _, and the second derivatives are

i+l
- " -t
Y;j = 2bj or by = Yi/ (22)
2
at 6 = 0, and
i
- N
- . Yisl = yi
Yieg = Baghy ¥ Ty or e v (23)
at 8 = ‘i

Combining eguations (29) through (23) and simplifying,

- " -
Yisl ~ ¥Yj (Yi+1 2y
¢ = (T) - _—T__) hy (24)

12
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At 6 = 6, y i equals c; and from the previous interval

- 2
T L B S L g SO (23]

where from a similar analysis,

-y -
Yi = Yi-1
aj-1 =(‘€HT"' ') ' (26)
i-1
"
Yj-1
bj-1 = —72 (27)
and
o f¥i T Y- Yi * 2.1\ n, .. (28)
c. . = [ - |2—1=1) by
i-1 hi-l 6

By substitutingy equaticns (26), (27), and (28) into eguation (2£)
and setting equation (24) equal to (25), the followiny simplified

form of tne cubic-spline eguation is derived:

i1 * hi) o (M) o
( 3 Yy * (‘6) Yiel 129)

whic!. represents a set of tridiagonal equations with i = 2, 3,

4, « «, N - 1. By specifying the desired y coordinates at the end

points, the resultant N- by N-matrix equation can be solved with a

simplified matrix inversion tecnnique. The equations that d..fine

13
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the ; coordinates and the first- and second-derivatives in each

interval are

3
S8) = 7 (954 - 9 _ (0;4) — 9) hy +

3 - -
_w (6 — 8 .) (6 - 9.) yi{8:,,-6) + y. (6 - 6,)
[ i _ 1 n{l + 1V1+1 i+l 1 . (30)

Yi+1 6hy 6 N h
- 2
o I VR T T e)z] v (e -8 “1] .
y (8) =y - - - + y. -
i 6 2h; i+l i 2h; 3
Vi - 7
1
and
8 -9 6 - 0
- ) : _n ; .
y (8) =y, (——1+t11. _)+ Yisl ("__h. 1) (32)
1 1

where hj = (8;,; ~— ¢;)+ The computer code for this cubic
spline method is contained in subroutine INVY in the airfoil
smoothing program.

The injitial application of the cubic spline method with the
lower and upper trailing-edge y coordinates input for i=l and N,

produced airfoil shapes that did not generally pass through the nose

14
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; coordinate computed during the previous least-squares smoothing
step. This problem was partially overcowe by tirst applying the
cubic-spline method from the lower surface trailing edge to the nose
and then from the nose to the upper surtace traiiing-edge coordi-
nates. Although this procedure ggneréted an airfoil shape that had
the same f coordinate and second derivative at the nose when
approachiny from both the upper and lower surtace, the first deriva-
tives were not necessarily egual; therefore, the curvature was dis-
continuous at the nose. 'This adaitional problem was overcome by
adding a small constant increment to the input second derivatives
which would generate first derivatives at tie nose that were more
closely matched. The increment produced the sawme effect as a con-
stant of integration, resulting in a very small glopbal stretching or
shrinking of the ; coordinates. The value of the increment 1is
determined iteratively using a simple Newton-raphson technique wnich
is very stable and generally converges in less than four itera-
tions. The computer code tor this iteration procedure 1s contalned

in subroutine YNEW in the airfoil smoothing program.

Camber and Thickness Distribution
By defining the smoothed airfoil shape with a cubic-sgline
function, the y coordinate and its derivatives can be computed at
any desired 6-value with equations (30) through (32). Because of
this capability, it was therefore possible to develop a method to
compute a camberline aad a thickness distritution for the smootned
airfoil. The equations for cowmbining the camber and thickness dis-

tributions to obtain the upper surface coordinates of an airfoil are

15
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X, = X, - t/2 sin (¢) (33)

and yu = yc + t/2 cos (o) , {34)

and for the lower surfaces are

xz = xc + t/2 sin (¢) (35)

y

y - t/2 cos (¢) (36)
L c

where xc and yc are the coordinates of the camberline, t is the
local thickness, and ¢ is the local slope of the camberline. The
airfoil generated with these equations will not be unigue because a
large number of other thickness and camber ccabininy equations could
be used to gyenerate the same airfoil shape. However, given the
shape of an airfoil, a unigque camberline can be obtained which
satisfies equations (33) through (36) by simply specifyiny that the
absolute value of the slope at upper and locwer points are equal in
magnitude. The local slope is determined with respect to an axis
system whose y-axis passes through the upper and 1 eo&r surface
points and whose x-axis passes through the mid-point of the line

connecting the two points as illustrated in figure 2.

16
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The eyuations for translating and rotating tne input
coordinat~s in the x- and y-axis system to the camberline x- and

~

Vv=axlis system are

(x - %) cos (8) + (y = yo) sin (), (37)

o>
1]

¥ (; - Y.) cos (¢) - (x - x.) sin (¢). (38)

The differentials with respect to x are

dx/dx = cos (¢) + sin (¢) dy/dx (39)

dy/dx = cos (¢) dy/dx - sin (¢) (40)

which combines to obtain the equation for the local slope

dy/dz = 92[92 _ cos (¢) dy/dx - sin () ' La1)
dx/dx sin (¢) dy/dxX + cos (¢)

where for a given set of upper and lower surface inpat points,

- Yy~ Y
¢ = tan l(————_“ L ) . (42)
X - Xz

u
To determine the camberline simply requires that for eitner an upper
or lower surface input point, an opposite surface point ve locatea

which satisfies the criteria that

|d§/d§| (43)

~

'dv,%xl
u

17
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The computer code for the camberline technique is contained in
subroutine CAMTK. The execution procedure in this subroutine starts
the search for the camberline at the upper surface trailing edge and
proceeds in a counterclockwise direction toward the nose of the air-
foil. A simply linear interpolation procedure is used to locate the
sorresponding lower surface point which satisfies the cawberline
criteria. The search for the lower surface point is performed with
an interpolation interval of 1/2000th of the chord. @fter locating
the lower surface point, execution continues to the next upper
surface point and the search for the lower surface point begins at the
previously located point. This cycle continues until all of the
upper surface points have been used. The leading—-edge point of the
camberline (where thickness equals zero) is computed by fitting a
second-order polynomial to the three previous camberline points in
the nose region and then extrapolating to determine the intersection
of the camberline with the input airfoil contour. The only note-
worthy problem that has occurred with the use of this technique has
been difficulty locating the first few camberline coordinates for
airfoils with reflexed {upward-turned) camberlines near the trailing
edge. This problem can ygenerally be overcome by simply ceversing
the input order of the upper and lower surface coordinates to the
smoothing progiam which means that the search for the camberline
will be reversed proceeding clockwise along the lower surface from

the trailing edge to the nose.

DESCRIPTION OF COMPUTER PROGRAM
The airfoil smoothing computer prcgram AFSMO consists of a main
program, fifteen subroutines, and two function subprograms and is

listed in Appendix A. The airfoil scaling computer program AFSCL

18
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consists of a main program and two subroutines and is lListed in

Appendix B. A description or the input data requirements for the
airfoil smoothing program is presented in Appendix C and a cor-
responding description of the output for a sample case presented in
Appendix D. Likewise, a description of the input data requirements
for the airfoil scaling program is presented in Appendix E and the
description of the output in Pppendix F. The primary input and out-
put quantities and execution sequence of each main program and sub-

-

routine are described in this section. N

Program AIRSMO

The primary function of the main program AIRSMO is to control
the overall execution of the airfoil smoothing process. After
specifying and computing several global program constants, calls are
made to subroutines PSEUDO and LEROY to initialize the plot vector
file SAVPLT for subsequent postprocess plotting on a variety of
plotters at Langley. The subroutine INPUT is then called which
reads and prepares the user-supplied input data. The subroutine
SMOXY is then called which smooths the input airfoil coordinates.
If punched output data are desired by the user, subroutine PCARD is
then called. All punched data are written on output file TAPEl
which can be disposed of in any manner the user desires.

If plots of the coordinates, first and second derivatives, and

curvature of the smoothed airfoil are desired, calls are then made

to subroutine PLOTAF and PLOTCK. If the user also desires to com-
pute the camber and thickness distribution of the smoothed airfoil,

subroutine CAMTK is then called. Then, if the user desires to
interpolate additional smoothed airfoil coordinates, subroutine INTP

is called. This entire execution procedure is repeated until all

19
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input cases have been input and smoothed. A call is then made to

subroutine CALPLT to finalize the plot vector tile.

The following arrays must be dimensioned and constants defined

or checked in this program.

TITLE

XINT

YSMO

YPS

YPPS
THETA
Pl

RAD
CONS
JREAD
JWRITE

IPRINT

EPS

DF

20

80-column title for input case

array containing x interpolation values

arrayvs containing reordered x and y coordinates

array containing input weighing factors

array containing smoothed i coordinates

array containing smoothed ; values

array containing smoothed y values

array containing 6-transformation values

value of =

value of one radian =/180

value of constant K defined by equation (4)

number of tape or file containing input data

number of tape or file containing output data

if equal to zero, the smoothing data generated during
each iteration of the least-squares polynomial
smoothing process in subroutine SMOXY and the inter-
polated data in PLOTAF and PLOTCK will be output
convergence criteria used during least-squares poly-
nomial smoothing process in subroutine SMOXY
standard deviation used during least~-sguares cubic

spline smoothing process in subroutines SMOXY and CSDS
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IERR if a nonzero value appears following a call to sub-

routine INPUT, it indicates that another case follows;
and if it appears following a call to subroutine

SMOXY, an error has occurred

Subroutine INTER

Subroutine INTER is a utility subprogram used to interpolate a
y-value at a given x-value from an input table of x- and y-values.
The interpolation can be performed using either a linear (straight
line) ora weighted quadratic-equation fit of the y=-values in the
interpolation interval. The only restrictions are that the input
table of x-values be single-valued and monotonically increasing or
decreasing and that, for the weighted quadratic-equation fit, the
input table of x-values contair 2t least four values. The initial
execution step in this subroutine is a search to determine the
x-interval containing the desired interpolation x-value (x;_; £ X

< xi)' For the weighted quadratic-equation method, three y-values

are interpolated:
(1) yg by fitting a straight line between x;_; and x
ll
(2) y, by fitting a quadratic equation between Xj_2s Xj-1s and
Xxi, and
(3) yo» by fitting a quadratic equation between Xi_1s Xj, and
Xi+le
The deviations between the quadratic-equation and straight-line
interpolated y-values are
51 = Iyx - ys, and Ez SIY2 - ys’ (44)
The final interpolated y-Qalue is obtained by linear weighting of

the two deviations so that
Y = WYyt woyy, o (45)

21
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Al A 2
where w = = arl w, = —_— (46)
Al = el(x - xi-l) and Az = ez(xi~x). (47)

For the linear interpolation method, the interpolated y-value is
simply equal to yg-
The following is a description of the parameters in the argu-

ment list for this subroutine:

XINT input interpolation x-value

YINT output interpolated y-value

N number of values in input x and y arrays

X and Y arrays containing input x- and y-values

JSTART array index to begi. search for interval containing
XINT

JEND array index of x-interval containing XINT

ICD if equal to 0, the weighted quadratic-equation wethod

is used, and, if equal to 1, the linear method is
used
In the airfoil smoothing program, subroutine INTER is called by
subroutine BADPT which checks for bad input airfoil coordinates and

by subroutine SMOXY during the search for inflection points in the

final smoothed airfoil contour.

Subroutine INPUT
The primary functions of subroutine INPUT are to read and print
the input airfoil data and to prepare the input data in the proper
format for input to the smoothing program. A detailed description

of the required input airfoil data and the various options available
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for plotting and punching the output data is presented in the user-
guide given in Appendix C. After reading the input data from the
file JREAD and writing on output file JWRITE and 1f desired, the
next execution step is to call subroutine BADPT to check the upper
and lower surface coordinates for obvious bad points. If no errors
occur during the check for bad points and again if desired, sub-
routine TRNSRT is called to translate and rotate the input airfoil
to an axis system coincident with the longest chord of the airfoil.
The next execution step is to reorder the input coordinates,
which are input from the leading edge to the trailing edge for each
surface, from the lower surface trailing edge clockwise around the
airfoil to the upper surface trailing edge. The reordered coordi-
nates are also nondimensionalized by the chord length and, at the
same time, the equivalent transformation 6-vaiues computed using
equations (10) and (1l1). 1If, instead of x and y coordinates, the §
coordinates, y' values, or y" values as a function of 8 are input,
the equivalent X values are computed using equations (3) and (5).

The following input quantivies are defined in this subroutine:

ITER allowable number of smoothing iterations
IPLOT plotting option

IPUNCH punch output option

10P input airfoil coordinate option

ICAMTK camber and thickness distribution option
INTR interpolation option

IBAD bad coordinate check option

ITRN translation and rotation option

YLTE, YNOSE, YUTE input desired y coordinates at the lower

surface trailing edge, the nose, and the

upper surface trailing edge, respectively 23
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CNEW

NP

NOSE

CHORD

IERR

TITLE

]

THETA

YPS

YPPS
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number of input interpolation x values

desired chord of interpolated y coordinates (all y
coordinates computed in subroutines INTP are
multiplied by CNEW)

number of elements in output arrays X, Y, W, THETA,
YPS, and YPPS

array index of nose point after reordering the
coordinate

computed longest chord length

if not equal to zero, the last input case has been
read or an error occurred during the calls to
subroutine IBAD

input 8U-column title

output array containing reordered x coordinates
output array containing reordered } coordinates for
IOP=0 or 1

output array containing reordered weighing factors
output array containing eguivalent g values

output array containing y' values for I0P=2

output array containing y" values for IOP=3

The tollowing arrays and constants are used internally in tais

subroutine:

XL

YL

WL

24

array containing input lower surface x coordinates if
I0P=0 and #-values if IOP=0.

array containing input lowcr surtace y coordinate if
IOP=0, y coordinates if IOP=i, y' values if I0P=2, and
y" if Iop=3

array contairing input lower surface weighting factors
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XU, YU,WU same as XL, YL, and WL except for upper surface

NL number of elements in XL, YL, and WL arrays

NU number of elements in XU, YU, and WU arrays

ITRMAX maximum number of allowable smoothing iterations
TCLR allowable deviation between input and interpolated §

coordinate in subroutine BADPT

NMAX maximum number of NU or NL values

Subroutine TRNSRT

The function of subroutine TRNSRT is to transla . ..d rotate
the input airfoil coordinates to an axis system coincident with the
longest chord. The longest chord is defined as the distance from
the trailing-edge bisector to the farthest input coordinate in the
nose region of the airfoil. The translation and rotation equations
are identical to equations (37) and (38) where x, and y, are the
nose coordinates and ¢ is the angle betwecn the longest chord and
the input x-axis. After the input ccordinates have been translated
and rotated, the input coordinate and weigyhing factor arrays are
reloaded with the newly defined transformed values. The following
parameters are used internally in this subroutine:
ANGLE computed angle of longest chord and input x-axis
XNOSE, YNOSE computed nose coordinate of longest chord
XTE, YTE computed coordinates of trailing-edge bisector of

longest chord

Subroutine BADPT
The function of subroutine BADPT i: to identify and possibly to
correct input ; coordinates wnose corresponding interpolated values
exceeds a specified tolerance. The user may execute a call to this

subroutine by specifying a nonzero value for the parameter IBAD in
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subroutine INPUT; however, the call should be made only if the user

has a concern about possible bad points or excessive waviness in the
input coordinates. Following entry to this subroutine the 8 equiva-
lent of each input X coordinate is computed for use d...ny the
interpolation process. Then for each input y cuordinate, a corre-
sponding interpolated value is obtained using the wel9,ated
quadratic~-equation method of subroutine INTER with input arrays
loaded with the remaining y coordinates and 6 values. (Note that
the input y coordinate itself is not loaded.) If the deviation
between the input and interpolated § coordinate exceeds a specified
tolerance; the interpolated § coordinate is flagged as beinyg out-of-
tolerance, the interpolated value substituted, and then execution
continues to the next point. If, however, during this interpolation
process, two consecutive points are found to be out-of-tolerance, an
error flag is set which will terminrate the execution of the par-
ticular input case. The followingy additional parameters are used in
this subroutine:
X,Y input arrays containing either upper or lower surface
x and y coordinates
ISURF if equal to 1, indicates upper surface coordinates
input, and, if equal to 2, lower surface
TI work array containing all 6 values except value at
desired interpolation point
YI work array containing all y coordinates except value at

the desired interpolation point

YN temporary array containing interpolated ; coordinates
IERR if cutput with a nonzero value, two adjacent points are
out-of-tolerance

26



Subroutine SMOXY

The primary function of subroutine SMOXY is to perfo 1 the
iterative smoothing process ana is, therefore, the most important
subroutine in rhe entire airfoil smoothing program. The basic
inputs to this subroutine are the initial X and ; coordinates,
either y' or y", the transformed ¢ values, weighting factors for
each input point, and the input option parameter IOP which specifies
the type of input data. If either y' or y" are input instead of the
; coordinates, the desired trailing edge and nose ; coordinates must
also be input.

After entry to the subroutine, the input option parameter is
checked to determine the type of input data. 1f the first deriva-
tives y' are input (IOP = 2), two sets of sccond derivatives y" are
computed., One set is computed using the least-squares polynomial
smoothing method (subroutine LSQSMO) and the second set, using the
least-squares cubic-spline method (subroutine CSDS). Each set of
s.cond derivatives and the desired trailing—-edge and nose y coordi-
nates are then input to subroutine YNEW which computes a correspond-
ing set of ; coordinates. These ; coordinates and their correspond-
ing second derivatives are then used to compute a new set of first
derivatives using the spline equation (31). The y coordinates and
the sum~of-the-squares of the difference between the original input
and computed first derivatives are then computed for each set and
the set with the smallest sum is chosen for subsequent smoothing.

If the second derivatives ;“ and the desired trailing-edge and
nose ; coordinates are input (IOP=3), a corresponding set of y
coordinates are computed w. . subroutine YNEW and a set of first

derivatives computed with snline e : {3 ) Then, regardless of
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the input option, proyram execution proceeds to the iterative
smoothing process. Prior to the start of this iteration cycle, a
search is made of the ipper and lower surface y coordinates to
determine the maximum upper surface and minimum lower surface
values. During each smoothing cycle, these two coordinates are
heavily weighted in an attempt to insure that the maximum thickness
of the final swmoothed airfoil is reasonably close to that of the
original input airfoil.

As discussed in the method section of this report, the initial
step in the smoothiny process is to determine the smoothed secona
derivatives of the input § coordinates usiny an iterative piecewise
least-squares polynomial smoothing method. During this iteration
process, each call to subroutine LSQSMU produces a new set of y
coordinates and their corresponding first and second derivatives.
The next step in the iteration process is to compute the sum-of-the-
syuares of the difference between the current and previous set of
second derivatives and then to check the sum to insure that the cur-
rent vaiue is less than the previous value. This will determine
whether or not the iteration process is converying. If the process
is diverging, the iteration cycle is terminated, an appropriate
error messayge printed, and execution proceeds to the next step. 1f
the process is converging, the next iteration input ¥ coordinates
for subroutire LSQSMO are computed using the following weighting

procedure:

(48)
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and if the sign or magnitude of Ai equals Ai-l' then
- l] - -
(Yg)iv1= 2 (¥ + ¥yl (49)
and, if not, the Newton-Raphson formula
- - Aiaa - -
(Yn)ia1® ¥pdioy - mj) B DS LT S 4 T8 (30)
i i-

iS used, where i is the iteration number, I indicates input value,
and N indicates new value computed by LSQSMO. After computing the
new weighted coordinates, the sum-of-the-squares difference of the
second derivatives is checked to see if it is less than the speci-
fied convergence value EPS. However, if the value of the difference
sum is greater than the convergence value, the iteration cycle is
repeated. If the value has converged or the iteration cycle begins
0 diverge, program execution proceeds to the next step which is to
smooth the second derivatives one additional time using the least-
squares cubic-spline method of subroutine CSDS. The additionally
smoothed second derivatives and the final trailing-edge and nose y
coordinate from the piecewise least-square polynomial smoothing pro-
cess are then input to subroutine YNEW which computes a correspond-
ing final set of smoothed y coordinates.

The final smoothed coordinates are then checked for relative
smoothness by another call to LSQSMO with all the coordinate weight-
ing factors set equal to 1l.0. The next execution step is to compute
a corresponding set of final smoothed first ."»rivatives using spline
equation (31). Then the final smootned first and second derivatives
with respect to x and the curvature are computed and printed in
addition tc the original input and final smoothed coordinates and

the fina) smoothad first and second derivatives y' and y".
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Following the detailed printout step, a check is made for
negative thickness or crossover between the upper and lower surface
near the trailing edge of the airfoil. During the least-squares
polynomial smoothing process, the input weighting for the trailing-
edge coordinates are multiplied by a factor of 7 to help ensure that
the final smoothed airfoil has the same trailing-edge thickness as
the original input airfoil. In spite of this additional weighting,
the final smoothed airfoil will often have negative trailing-edge
thickness; especially if the input airfoil has zero or a very small
trailing-edge thickness. If a crossover is discovered during this
step, an error message is printed, an error flag set, and execution
returned to the calling program.

I1f no crossover is discovered, tne next and final step is to
determine the location of all inflection points (i.e. y' = 0) in the
final smoothed airfoil. This step is accomplished by checking each
@~-interval of the final airfoil for 6 locations wnere the first
derivative spline equaiion (31) is equal to zero. This equation can
be written as the quadratic equation

ae? + b8 + c =0 (51)

with

(52)
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where hy = 8,9 ~ 0;. The real solitions to this equation

which lie within the 6-interval are the inflection points. All

inflection point locations and the results of the final smoothness

check are then printed and control returned to the calling proyr:. .
A description of the parameters in the argument list for this

subroutine is presented in the description of program AIRSMO and the

subroutine INPUT. The following parameters are used internally:

WT multiplier for we®gjhting of maximum thickness
coordirates

YP? and YPPU work arrays containing current vaiues of y"

YUSMO and ¥N work arrays containing current values of y

WK, A, and DUM internal work arrays

SUMY array containing sum-of-squares differences from
least-squares polynomial smoothing process

JMAXL and JMAXU array index values for the minimum lower surface
y and for the maximum upper suriace y, respectively

GP and GPP dx/de and d2x/d4e2

DYDX and DY2DX dy/dX and d2§/4dx?

CURV curvature k

RLE leading-edge radius (l/k at nose)

Subroutine YNEW
The primary function of subroutine YNEW is to :ontrol the
iterative procedure that computes a =et of new y coordinates from an
input set of second derivatives and desired trailing edge and nose
coordinates. The new set of coordinates can be computed using two
different solution approaches. For the first approach (IPT = 0),
the resultant simultaneous cubic-spline equations solved are

generated using the combined upper and lower surface
31
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second derivatives and setting the end conditions equal to

the leading- and trailing-edge coordinates. The value of the first
derivative at the nose will, of course, be the same whether
approached from either the upper or lower surface; however, the
y-coordinate at the nose may differ from the desired input value.
The desired input nose coordinate can be obtained by adding a small
constant incremental value to the input second derivatives. This
small value acts the same as a constant of integration resulting in
a small stretching or shrinking of the computed ; coordinates. The
incremental value is determined in this subroutine using the simple

iterative Newton-Raphson eguation

= -
B T 8% T (k) (53)

where Ax represents the incremental value, t(Ax) the difterence
between the desired and computed nose coordinates, f'(Ax) the slope
of the difference curve (determined using simple differencing), and
i the iteration number.

For the second approach (IPT = 1), the resultant simultaneous
cubic-spline ~guations solved are generated in a piecewise manner
first using the lower surface second derivatives and setting the end
conditions equal to the trailing-edge and nose coordinates, and then
using the corresponding quantitites for the upper surface. This
approach ensures, of course, that the resultant airfoil will have
the desired nose coordinate; however, the slope at the nose may
differ when approached from the upper and lower surfaces. Here

again, like the first approach, a better match can be obtained by
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adding a small incremental value to the input second derivatives.
This increment is determined using tne same iterative Newton-Raphson
equation as that used for the first approach except the Ax repre-
sents the difference between upper and lower surface first deriva-
tives at the nose. Both approaches should theoretically produce the
same incremental values; however, experience has shown that the
convergence of the second approach is generally gquicker and more
stable.

The following additional parameters are used internally in this

subroutine:
DUM and WK internal work arrays
DELTA incremental value added to second derivatives

Subroutine INVY

The function of this subrcutine is to compute a set of §
coordinates from an input set of second derivatives and desired y
coordinates at the start and end of the set. The input second
derivatives and transformation 6-values are used to compute a matrix
of simultaneous equations using the cubic-spline equation (29). The
resultant matrix is tridiagonal with two less eguations than
unknowns and relates the second derivatives §' and the corresponding
¥ coordinates. The two remaining unknowns are specified as the
desired § coordinates at the start and end of the set. The solution
of the resultant matrix is greatly simplified because only the

diagonal elements d; and the two adjacent elements e, and f.l

differ from zero. Using the Crout reduction method described in

reference 6, the solution becomes a simple back substitution

; = ¢, for i=N
N N 33
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where

i i
£; = fi/d1 (55)
c. - e;cC.
and o, = — i7i-1
1 -
d;
The tridiagonal terms from equation (29) are
¢ = /by
= - -1
di l/hi-l /hi
fi = l/hi (36)
h, /h + h h
_ i-1} =" ¥ i-1 i} =" . i ="
and °i"(“3‘) Y i1 \““f?"‘) Y i v (‘E) Y i+l
At the ends the coefficient terms are
dl = l, fl = 0, Cl = §l (57)

and
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The following is a description of the parameters in argument

list for this subroutine:

x input array containing 8 values

YPP input array containing y" values

NS index of start element

NE index of end element

Y output array containing ; coordinates
YSTART desired ; coordinate at start

YEND desired ; coordinate at end

A internal work array

Subroutine LSQSMO

The function of this subroutine is to smooth and compute the
second derivatives of an input set of ¥ coordinates using the piece-
wise least-squares polynomial method described in the previous meth-
od section. The subroutine smooths each coordinate by fitting a
least-squares polynomial of the 4th degree through the input coordi-
nate and six adjacent coordinates. If possible, the six coordinates
used are the three coordinates just prior to and the three just
after the input coordinate; otherwise, six consecutive coordinates
are used. Prior to the execution of the smoothing process, a check
is made of the three corresponding upper and lower surface coordi-
nates adjacent to the nose coordinate to determine whether or not
the input airfoil is symmetric about the 6-axis in the nose region.
If the airfoil is symmetric in the nose, the smoothing process is
performed in the clockwise direction for the upper surface and
counterclockwise for the lower surface; otherwise, it is performed

clockwise for both surfaces.
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During the smoothing process, each coordinate is given the
specified input weighting factor and the six adjacent coordinates
are given a weighting of 1.0. The maximum and minimum thickness
coordinates are also given an additional weighting equal to the
parameter WT times the input value. 1In a similar manner, the upper
and lower surface trailing-edge coordinates are given an additional
weighting of 7 times the input value. After computing the coeffi-
cients of the least-squares polynomial for each coordinate, a new
y-coordinate value, the first-, and the second-derivatives are
computed using equation (17), (18), and (19), respectively.

The following is a description of the parameters in the argu-

ment list and the internally used arrays .nd constants:

X input array of 8 values

Y input array of ; values

W input array of weighting factors

YN output array of smoothed ; coordinates
[ S -

YP output array of first derivatives y'

YPP output array of second derivatives ;”

N number of input coordinates

IMAX and JMAX array index of maximum and minimum thickness

coordinates
NOSE array index of nose coordinate
WT additional weighting factor for maximum and

minimum thickness coordinate
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EPS allowable deviation between corresponding upper and
lower surface 6 and y values in the nose region
ISYM if equal to zero, input airfoil is symmetric

in nose region

XI, YI, WI arrays containing 7 consecutive values of 9,
;, and w

A array containing elements of symmetric least-syuares
matrix

B array containing coefficients of resultant 4th order

least-squares polynomial

Subroatine ISDS

The function of subroutine CSDS is tc fit a least-squares cubic
spline through a set of input 6 values and ejither the y coordinates
or the second derivative y". A very detailed description of theory
and computer codiny associated with this subroutine is presented in
reference 5 and, therefore, will not be presented in this report.
This subroutine is also a part of the standard math-library subpro-
gram packayge on the Langley CDC computer system and is identified by
the same call name and parameter list. A complete description of
the input and output parameters are presented at the beginning of

the listing of the subroutine in Appendix A.

Subroutine PCARD

The function of subroutine PCARD is to write the final smoothed
data on an output file (TAPEl) for postprocess disposal to a desired
output device. The case title is written on the output file ini-
tially and is followed by a card image containing the value of the
input option (IOP parameter) corresponding to the output option
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(IPUNCH parameter). Then for the upper and lower surface, tuae

number of coordinates is written on the cutput file followed by one
of four types of smoothed output data as specitied by the value of
the output option paraweter IPUNCH. The four types of output data

are as fo.lows:

IPUNCH = 1 x-coordinate, smoothed y-coordinate, and weighting
IPUNCH = 2 6-value, smoothed ; coordinates, and weighting
IPUNCH = 3 8-value, smoothed ;', and weighting

IPUNCH = 4 6-value, smoothed ;‘, and weighting

If IPUNCH equals 3 or 4, the ; coordinates of the lower surface
trailing edge, the nose, and the upper surface trailing edye are
also written on the output file. All data are written on the output
file in a format suitable for input to the airfoil smoothing pro-
gram. Except for the IPUNCH parameter, all other parameters in the
argument list are fully defined in the description of subroutine

INPUT.

Subroutine PLOTAF

The function of subroutine PLOTAF is to plot the input and
smoothed y coordinates, smoothed y', and smoothed y" versus the @
values (IPLOT=1) and to plot the input and smoothed ¥ coordinates
versas the input X coordinates (IPLOT=2). All plots are scaled for
postprocess plotting on the Langley 33-inch CALCOMP drum plotters.
The called subroutines CALPLT, NOTATE, AXES, PNTPLT, LINE, and

NFRAME are all part of the Langley plotting subroutine
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package and are available by attaching the CALCOMP direct-access
library file. Prior to plotting the smoothed ¥ and X coordinates
and the swoocthed y' values, additional values are interpolated at
each degree of 0 from -180 to +180 degrees. The ordinate axes are
automatically scaled to insure that all input values will be
plotted. A sample of the two types of plots generated by this
subroutine is presented in figure 3 for IPLOT=1 and in figure 4 for
IPLOT=2. Except for the IPLOT parawmeter, all other input parameters

~re fully defined in the description of subroutine INPUT.

Subroutine PLOTCK

The function of subroutine PLOTCK is to plot the square root of
the local smoothed curvature versus the 6-transformation value
(IPLOT=3). Prior to plotting the curvature, additional values are
interpolated at each one-half degree of 6 from ~180 to +180
degrees. By plotting the syuare root of the curvature rather than
just the curvature, the very large curvature peaks in the
nose region of the airfoil are r2duced and the normally low
curvatures in the trailing-edge regions are increased and, as &
result, a more evenly proportioned piot is generated. A sample of
the type of plot generated by this subroutine is presernted in figure
5. All input argument parameters are fully defined in the uuscrip-

tion of subroutine INPUT.

Subroutine CAMTK
The function of subroutine CAMTK is to compute the camber and
thickness distribution of the final smoothed airfoil. A detailed
explanation of the method used to compute the camberline is pre-

sented in the method section of this report. The first execution
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step in the subroutine is to lead the x and y coordinates and y

values into separate arrays fcr the upper and lower surfaces from
the nose to the trailing dge. The first derivatives dy/dx -re then
computed at each input point on the upper surface.

The next execution step is the search for the camberline. As
previously stated in the method section, the search begins at the
upper surface trailing-edge point and proceeds counterclockwise
aleng the upper surface to the nose point. At each upper surface
point, a simple linear interpolation proce.lure is used to locate the
corresponding lower surface point that satisfies the camberline
criteria of equal magnitudes of the local upper and lower surface
slopes with respect to an axis system aligned with the local
camberline., The search for the lower surface point is performed
with an interpolaticn interval of 1/2000th of the chcrd. After
locating the lower surface point, execution continues to the next
upper surface point and the search begins on the iower surtace at
the previously located point and proceeds clorkwise %toward the nose
point.

After completing the camberline search fcr each point on :he
upper surface, the next execution step is to lccate the intersection
of the camberline with the airfoil leadinyg edyge which is the loca-
tion of zero thickness. This intersection is found by fitting a
second-order polynomial to the previous three camberline coordinates
and then extrapolating to find the intersection with the nose region
which is defined with cubic-spline functions. The upper surface
coordinates, corresponding lower surface coordinates, camberline
coordinates, thickness, and slope of the camberline are printed at

each step during the search for the camberline and the nose inter-
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section points. An error term is also printed for each point and

represents the absolute value of the difference between the local
slopes ot the upper and lower surface camberline search points with
respect to the local camberline-axis system.

The next execution step is to write the camber and thickness
distribut.ion data on an output file (TAPEl) for possible input to
the airfoil scaling program AFSCL. This execution step is activated
only if the value of the IPUNCH input parameter equals 5. Th< _inal
execution step, if the value of the input KPLOT parameter is nonzero
(IPLOT = 4, 8, 9, or 10), is to plot the camber aad thickness dis-
tritution data. A sample of the type of plot generated is presented
in figure 6. The camberline coordinates are plotted at the bottom
part of the figure, the half-thickness distribution at the center,
and the upper and lower surface search points at the top part of the
figure.

A description of the parameters in the argument list for this
subroutine is prescnted in the description of program AIRSMO and
subr utine INPUT. The following parameters are used internally:

TU and TL temporary arrays containing input upper and lower
surface 6-values from nose to trailing-edge points.

YU and YL temp. rary arrays containing input upper and lower

surface smoothed § coordinates

YPPU and YPPL temporary arrays containing input upper and lower

-t
surface y values

DYXU array containing d;/d; values for upper surface
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XLS and YUS arrays containiny X and ; coordinates of lower

surface camberline search points

TH array containing value ot slope of camberline

XC and YC arrays containiny X and Yo coordinates of

camberline

TK array containing the half-thickness values

NM number of interpolated points allowed on the lower
surface \

NT number of camberline cuordinates

DU and DL slope of the upper and lower surface search points

with respect to the local camberline axis system

Subroutine INTP

The function of subroutine INTP is to interpolate additional
smoothed airfoil coordinates. This subroutine is called if the user
specifies a value of 1 or 2 for the parameter INTR read by subrou-
tine INPUT. 1If the value of INTR equals 1, the interpolation is
is periurmed at a standard set of 57 X values loaded internally in

the subroutine and defined as follows:

X = 0.0, 0.00025, 0.0005, 0.00075, 0.001, 0.0015, 0.002,
0.0025, 0 005, 0.01, 0.02, 0.03, 0.04, 0.05, 0.06, 0.07, 0.08,
0.09, 0.1, 0.125, 0.15, 0.175, 0.2, 0.225, 0.25, 0.275, 0.3,
0.325, 0.35, 0.375, 0.4, 0.425, 0.45, 0.475, 0.5, 0.525, 0.55,
0.575, 0.6, 0.825, 0.65, 0.675, 0.7, 0.725, 0.75, 0.775, 0.8,

0.825, 0.85, 0.875, 0.9, 0.925, 0.95, 0.97, 0.98, 0.99, 1.0.
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If the value ot INTR equals 2, tr Jdesired x values are input by the
user amd may include up to 100 va .es as specitied by the parameter

NINT. The interpolation is perforwed tor the upper and then the

lower surtaces using the cublic-spline eyuations (30), (31), and
(32). The derivatives dy/dx and dz§/d§2 and the curvature are also

computed and printed for each X value. The user must also input a

value for the parameter CNEW which is the desired value of the

chord. The x and y interpolated coordinates are multiplied by CNEW

and printed as x and y coordinates. If the value of the parawmeter
IPUNCH egquals 6, the interpolated x and y coordinates are written

on the output file (TAPEl) for postprocess disposal to a desired
output device. A description of the parameters in the argument list
for this subroutine is presented in the description of program

AIRSMO and subroutine INPUT.

Subroutine COORD

The function of subroutine COORD is to interpolate a value for

for ;, d§/d§, d2§/d§2 , and the curvature at a specified value of 8
using the cubic-spline equations (30), (31), and (32). The

following subroutine constants are used internally:

TI input 6 value
YI interpolated y-coordinate
DYDX interpolated first derivative d§/d§

; . . 2- =2
DY2DX interpolated second derivative 4 y/dx
CURV interpolated curvature
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The function of these two function subprograws is to compute
the hyperbolic sine and cosine in terms of the exponential €func-

tion. The relationships are

X -x

sinh(x) = =S5 (58)
LI

and cosh(x) = E——f—s—— v (59)

respectively.

Prograan SCALE

The primary function of program SCALE 1s to read the input data
and control the execution of the airfoil scaling process. The cam-
ber and thickness distribution data input to this program are gener-
ated by the subroutine CAMTK in the airfoil smoothing program
AFSMO. After specifying and computing several global pcogram
constants, the first execution step is to read the input cata. A
detailed description of the input data and the required formats are
discussed in the user-guide presentea in Appendix BE. After readiny
the input data, calls are made to subroutines PSEUDO and LEROY to
initialize the plot vector file SAVPLT for suosequent postprocess
plotting on a variety of plotters at Langley. The input x, coor-
dinates of the input camberline are then checked to insure wono-
tonically increasing order. The equivalent 0 value for each camber-

line x¢ coordinate is then computed.

The next execution step is to compute the xc location and the
magnitude of the maximum value of the input half-thickness distribu-
tion. A cubic spline is fit through the input thickness data and
then all locations and corresponding thickness values where the
first derivative of the spline function equals zero are computed

44



ORIGINAL o tg
OF PCOR QUALITY
using equations (51) and (52). The location of the maximum value is

then determined and printed on the output file. If the value of the
input parameter IOP equals 1, the slope of the camberline coordi-
nates arc then computed using spline equation (31). The angular
value of the slope is then obtained by computing the arctangent of
the value of the first derivative.

The next step is to call the scaling subroutine SCTK to gener-
ate first the coordinates of the airfoil with the input maximum
thickness-chord ratio and then the coordinates of the airfoil with
each of the desired scaled maximum thickness-chord ratios. The
final execution step is to call subroutine CALPLT to finalize the
plot-vector file SAVPLT.

The following arrays must be dimensioned and constants defined
in this program:

XC and YC arrays containing input x. and y. coordinates of

the camberline

TK array containing input half-~thickness distribution
v/c/2

TH array containing input cambe)line slopes ¢

THETA array conteining computed 8 values

YpPP array containing computed second derivatives
dzyc
dxg

TKNEW array containing input values of desired maximum

thickness~-chord ratios

TITLE 80-column title for input case
VAR and WK work arrays
JWRITE number of tapc or file containing output data
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JREAD number of tape or file containing input data

NTMAX maximum number of allowable elements in TKNEW
array

Pl value of «»

RAD value of cne radian 180/x

CONS value of constant K defined by eguation (4)

NT number of elements in XC, YC, TK, and TH arrays

10P camberline slope option

IPLOT plotting option

IPUNCH punch output option

LT number of desired input maximum thickness values

TKMAX value of the maximum thickness-chord ratio of the

input thickness distribution
DELTA X locatcion of TKMAX

IERR if nonzero, error occurred during generation of

scaled airfoil in subroutine SCTK

Subroutine SCTK

The function of subroutine SCTK is to scale the coordinates of
an input airfoil from the input maximum thickness-chord ratio to a
new desired maximum thickness-chord ratio. The first execution step
is to yenerate the coordinates of the baseline airfoil by combininyg
the input camber and the scaled thickness distributions using
equation (33) and (34) for the upper surface and equations (35) and
{36) for the lower surface. Each scaled thickness distribution is
obtained by multiplying tne input thickness distribution by the
ratio of the desired-to-input maximum thickness-chord ratio. This
procedure is simple; however, several problems may occur which
require special handling.
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If the value of the‘input camber distribution is nonzero in the
trailing-edge region, the airfoil generated may not have either an
upper or lower surface § coordinate at the trailing-edge location
where X equals 1l.0. To eliminate this problem, a second-order poly-
nomial is fit to the last three computed coordinates near the trail-
ing edge on each suiface and a new y coordinate either extrapolated
or interpolated at X equals 1.0. Also, if the camber distribution
is nonzero in the nose region, the airfoil generated may have X
coordinates that are less than 0.0. This problem is eliminated by
translating and stretching or shrinking the coordinates of the air-
foil so that the nose of the adjusted airfoil is at X egquals 0.0 and
the trailing edge at x equals 1.0. The only other problem that may
occur is the possible generation of either1upper or lower surface X
coordinates that are not monotonically increasing from nose to
trailing edge. This particular problem cannot be eliminated; there-
fore, a check is made to see if it occurred and, if so, an error
message is printed, an error flag set, and execution returned to
program SCALE.

The upper and lower surface X and y coordinates are multiplied
by the value of the parameter CNEW and then loaded into separate
arrays from the nose to the trailing edge. The coordinates, input
camber distribution, and scaled thickness distributions are ther
printed. 1If the IPUNCH parameter is nonzero, the scaled airfoil
coordinates are then written on the output file TAPEl in a format
suitable for input to the smoothing program. If the IPLOT parameter
is nonzero, the next and final execution step is to plot the scaled
airfoil and its corresponding camber and thickness distributions as

illustrated in figure 7. A description of the parameters in the
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argument list for this subroutine is presented in the description of

program SCALE.

Subroutine CUBSPL

The function of subroutine CUBSPL is to fit a cubic spline
through an input set of x and y values. The input data are used to
compute a matrix of simultaneous equations using the cubic spline
equation (29) with the unknowns being the second derivatives at each
input point. This tridiagonal matrix has two less equations than
unknowns; therefore, the second derivative at end points of the data
set must be specified. In this subroutine second derivatives at the
end points are computed by fitting a second-order polynomial of the
form

y = ax? + bx + ¢ (60)
to each end point and its two adjacent points and then differentiat-
ing to determine the second derivative which is

d?y/dx? = 2a (61)
The Crout reduction method, which is discussed in the description of

subroutine INVY, is used to solve the matrix for the remaining

second derivative. The tridiagonal matrix terms are

m
|

= hjy/6

(62)
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The following parameters are used in this subroutine:

X and Y array containing input x and y values

YPP array containing computed second derivatives
dzy/dx2

N number of elements in X Y, and YPP arrays

A work array dimensioned by 2 times N in the calling
program

DISCUSSION OF PROGRAM APPLICATION AND RESULTS

The airfoil smoothing program was formulated to smooth the
coordinates of airfoil-type contours which are characteristically
round in the front and sharp or blunt in the rear. Several users in
the past have attempted to use this program to smooth nonairfoil
shapes such as internal contours of engine nacelles or wind tun-
nels. These attempts have been generally unsuccessful because of
the effects of the 6-transformation function which was formulated to
stretch the x-axis in the leading- and trailing-edge regions. The
smoothing program can be used successfully to smooth ronairfoil
contours by redefining the 6-transformation function as

8 = t7x (63)
and making the appropriate changes in the computer code.

An airfoil contour may be input into the smoothing program in
several forms. The most widely used form is, of course, as x and y
coordinates (IOP = 0) which have been obtained from actual measure-

ments of an existing airfoil or from theoretical computations.
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Regardless of the source of the coordinates, the user should strive
to input a proportionually larger number of coordinates in regions of
higher curvature which is generally the nose region for most air-
foils. The user may input as many as 100 coordinates for each air-
foil surface; however, it is recommended that no more than 35 to 40
coordinates be input for each surface because, in general, the more
dense the coordinate spacing the more restricted the smoothing pro-
cess will become. If the user desires to limit the extent of
smoothing in a particular region, it is suggested that a few highly
weighted coordinates be input rather than a large number of closely
spaced ccordinates.

The question often arises as to the number of smoothing itera-
tions (ITER parameter) the user should specify. It is recommended
that zero iterations te specified for the initial run of a new air-
foil case. The plots generated during the initial run can then be
examined to estaklish the initial smoothness of the airfoil, the
suitability of the input x-coordinate spacing, and the possible
existence of bad input y coordinates. During all subsequent runs,
it i recommended that the maximum of 300 iterations be specified.
The convergence criteria for this smoothing program is rather strin-
gent; however, the smoothing process should converge or be near
convergence in less than 100 iterations for most airfoils. If the
process has not conveyed in 300 iterations, the resultant coordi-~
nates can be written on the output file TAPEl in the form of either
x and y coordinates or 6 and y values and then input again into the
smoothing program for another 300 iterations. 1If, during the 1ini-
tial smoothing attempt, the process begins to oscillate, it is sug-
gested that fewer coordinates be selected in the region where the
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oscillation occurs and the case be resubmitted. The oscillatory

region can be located by setting the IPRINT parameter in program

AIRSMO equal to 0 which will generate a summary print of the com-
puted second derivatives for each iteration.

The airfoil contour may also be input in the form of ¥ coordi~
nates and the corresponding 6-values (IOP = 2). This form is often
used to resubmit a set of coordinates that required adjustment due
to either bad or poorly defined nose ¥ coordinates that are often
revealed during the initial run of a new airfoil. The stretching
effect of the 6-transformation function will highlight any coordi-
nate discrepancies in the nose region of the airfoil.

Two additional input forms are available to modify or smooth an
airfoil contour and are less direct than the previous two forms
discussed. The two additional input forms consists ol inputting the
first §' (IOP = 3) or second y" (IOP = 4) derivatives as a function
of the o~transformation value. The corresponding y coordinates are
obtained by solving a tridiagonal matrix of simultaneous cubic
spline equations; therefore, local changes in the input derivatives
have a less localized and more global effect in the computed ;
coordinates. Great care should be exercised when using either of
these two input forms; especially the second derivative, because
seemly small changes in the derivatives will very often result in
rather large changes in the ; coordinates. 1In spite of its sensi-
tivity, these two input forms provide a very easy and direct method
to reduce or eliminate waviness in the curvature of the final
smoothed airfoil.

The airfoil smoothing program has been used extensively at

Langley for the past several years and has worked successfully for a
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wide range of airfoil shapes. A comparison between t..e unsmoothed
and smoothed first and second derivatives for a typical airfoil is
presented in figure 8. The corresponding changes in the § coordi-
nate are very small and are not distinguishable on a page-size plot
of the airfoil contours. As illustrated in figure 9, the improve-
ment in the smoothness of the curvature distribution is excellent.
Only two problems have occurred persistently during the past
several years of program utilization. The first problem occurs when
attempting to smooth airfoils with very sharp or zero-thickness
trailing edges. Although the trailing-edge coordinates are heavily
weighted, the smoothing process will ofien result in a small shift
in the upper and lower surface trailing-edge coordinates. Many
times the shift will be in the opposite direction and a negative
trailing-edge thickness will occur. As previously discussed, the
program checks for negative thickness and, if detected, will print
an error message and proceed to the next input case. The most
practical solution to this problem is simply to terminate the input
coordinates very near .ne trailing edge at a point with small finite
thickness. The second problem, as noted in the method section of
this report, is a difficulty in locating the first few camberline
coordinates of an airfoil with a reflexed (upward-turned) camberline
near the trailing edge. This problem can generally be overcome by
simply reversing the input order of the coordinates so that lower
surface coordinates are input first, followed by the upper surface

coordinates. This will not affect the smoothing process, but will

cause the camberline search procedure to reverse surfaces.
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CONCLUDING REMARKS

The airfoil computer programs AFSMO and AFSCL described in
this report have been used successfully at Langley for several
years to smooth and scale a wide variety of airfoil shapes gen-
erated by various theoretical methods or measured from existing
airfoil models and wing panels. The smoothing process is very
stable and generally converges in less than a hundred iterations.
The smoothing jrogram user-supplied input requirements are very
simple and consist of basically specifying the title, input/output
options, and the upper and lower surface coordinates. The camber-
line search procedure in the smoothing program generates the
basic camber and thickness distribution data needed as input to
the scaling program. The only additional user-supplied input for
the scaling program are a title, input/output option, and the
number of and the values for the desired maximum thickness-chord
ratios.

The output plots generated by the smoothing program are very
helpful during the analysis and possible modificaticn of the
smoothed airfoil. After several years of extensive use by Langley
personnel, no appreciable execution errors have occurred or airfoil
shape limitations been revealed. The use of the AFSMO program to
smooth nonairfoil shapes shouuld not be attempted without redefini-
tion of the x-axis transformation function. Both programs were
coded for use on the Langley CDC CYBER computers. No specialized
system software is needed to execute either pirogram and all
required subroutines are listed in this report except for several

basic CALCOMP plotting subroutines which are unique to the Langley

53



ORIGINAL PAGE 18
OF POOR QUALITY

computers. Both programs have been successfully converted for
use on other computer systems; rowever, double~precision accuracy
was necessary for the conversion of the smoothing program because

of its very stringent convergence criteria.

54



ORiGINAL PAGE IS
OF POOR QUALITY

APPENDIX A
COMPUTER LISTING OF AIRFOIL SMOOTHING PROGRAM AFSMO
This appendix contains a computer listing of the airfoil
smoothing program AFSMO which consists of a main program, fifteen

-ubroutines, and two function subprograms.

55



ORIGINAL PAGE IS
OF POOR QUALITY

LISTING OF DECx: AIRSHD PAGE
CARD NO,

1 PRORAM AIRSHMOCINPUT  OUTPUT, TAPESSINOUT, TAPEG~OUTPUT,TAPEL) AS

c (33

C THIS PPOGRAN PRESENTS A TECHNIOQUE FOR SNOOTHING AlRFOIL AS

o COORD INATES USING LEAST SQUAPES POLYNOMIAL AND CUBIC SPLINE AS

] ¢ METHODS AS

C AS

(o CODED BY == HARRY MIRGAN NASA/LARC/TAD/AAB 1982 AS

c AS

DIMENSEION TITLE(B)y XINT(100)s ¥(200)s YL200), H(200), YSMN{200)s AS

v 1YPS1200), YPPS{202), THETA(202) AS

c AS

COMMON /dLN/ DUPNX(2000) AS

o AS

COMMOR /SMY/ DUMRY(2,20) AS

15 C AS

COMMIN FRLKL1/ PI,PI2,RAD,CNANT AS

(o AS

COMPAN JINOUT/ JREAD)JURITE, TORINT AS

c AS

20 c S NH(X)=0 58({FYPIX)~FXP{~X))} AS

C AS

o INITIALIZE PRMGRAM CNNSTANTS AS

c AS

PI=ACOS(=1,) AS

25 Pr2eP1/2. AS

RAD=180,/P1 AS

CONSe1./7(1.¢+ATAN(SINHIPI2))) AS

JREAD S AS

JURITE=p AS

30 IFRINT21 aS

EPSs]l 4E-€ S

OF el (E=4 AS

REVIND 1 AS

c AS

35 C *NITIALIZ2E PLATTING DEViICE AS

c AS

CALL PSFUDD AS

CALL LEROY AS

(o AS

40 c READ INPUT DATA AS
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LISTING DF DECK: AIRSMOD
CARD NO.

41

45

50

60

65

70

%5

RO

OO [alaNal NOOO [ x ]

(o]

SOWOHOO

[z X2 X2l

OF POO
R QuALrTy PAGE
AS
CALL INPUT (TITLESITER,IPLOT,IPUNCHpIOP,ICANTK INTR, YLTES YNOSE,YUT A€
1ESNINTH XINTHCNEUINP s X5 Yolp THETA,YPSs YPPS, NOSE»CHORD TERR) AS
IF (IERR=1}) 2,1,5 AS
AS
SNOOTH AIRFOIL COORDINATES AS
AS
CALL SNHOYY (THETA»X,YoNsYSHOsYPSYPPS,NPuNOSE,YLTE.YNOSEsYUTESEPS, 48
10F, ITERS TITLES IOP,IERR) AS
IF (IERRGNE.0) 60 TD 1 AS
AS
PUNCH OUTPUT DATA AS
AS
IF (JPUNCHLGELoANDIPUNCHLLES&) CALL PCARD (TIPUNCHy; X, YyWs THETA,YS AS
1m0, YPS, YPPS,NOSE,NP,CHORD» TITLE) [ $1
AS
PLOT SHMOOTHED AND UNSMOOTHED Y/Cs SNOOTHED YPSs AND SMOOTHED AS
YPPS VERSUS THETA. ALSO PLOT SMOOTHED AND UNSMOOTHED Y/C VERSUS AS
Xsc AS
AS
IF (IPLOTLEQ,0,0R.IPLOTLEQe4) GO TD 4 AS
IF (fPLOT.EQ.3) GO TO 3 AS
AS
CALL PLOTAF (THETA»Y,YSMD,YPS,YPPS,NP»TITLF,1IPLOT) AS
AS
IF (IPLOT.E0.5.0R.IPLOT.EQ.1) GO TO & AS
IF (IPLOT.EOQe0.0RJPLOT.EQ.7) GO TO 3 AS
IF (IPLOT.EQ.10) 6D TO 3 AS
G0 10 & AS
AS
PLOT SADOTHED CURVATURE VERSUS THETA AS
s
CALL PLOTCK (THETA,YSMO,YPS»YPPSoNP,TITLE) AS
AS
KPLOTe=0 AS
IF (IPLOT.EQ.4eOR.IPLOTAGEeS) KPLOTe] AS
AS
CONPUTE THICKNESS AND CAMBER DISTRIBUTION AS
AS

IF (ICAMTK.EQel) CALL CAMTK (THETA,YSWD,YPPS,NOSE,NPEPS,KPLOT,IPU AS
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LISTING OF DECKs AIRCHO PAGE 3
CARD NO.

81 INCHs TITLE) AS 81
¢ AS 82

INTERPOLATE NEW COORDINATES AS 83

c AS B84

es IF (INTR.6T.0) CALL INTP (THETAsXsYSHO»YPPS,NP,NOSE»CHORD» TITLE,NI AS 85
INT o XINT»CNEWs INTR, IPUNCH) AS 86

c AS 87

c RETURN AND READ NEXT CASE AS 08

< AS 89

90 60 T0 1 AS 90
c AS 91

¢ FINALIZE PLOTTVING OEVICE AS 92

¢ AS 93

5 CALL CALPLY (0.00.5999) AS 9¢

95 VRITE (JVRITE,0) AS 95
END FILE 3 AS 96

REVIND 1 AS 97

<yoP AS 98

¢ AS 99

100 6 FORMAT {1H1/777768X,38H=~ THE LAST CASE HAS BEEN PROCESSED --) AS 100
END AS 101~
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LISTING OF DECK: INTER

CARD NO.

1

10

15

20

23

30

5

40

[ Xz X XaXaNaNaXal

[aXa el

[z XgNaXsNal (2]

N =

SUBROUTINE INTER (XINT,YINTsNsXsY,JSTART;JEND,TICOD)
INTERPOLATION ROUTINE
ROUTINE SOURCE —— NORTH AMERICAN ROCKWELL L. A. OIVISION 1973

JCDs0 MWEIGHTING METHOD USED
ICDe1 LINEAR INTERPOLATION

DIMENSION X(N), Y(N)
CHECK TC SEE IF XINT 1S OUTSIDE BOUNDS OF X=ARRAY

JEND=JSTART
IF (JSTART.EQ.N) 60 TO 12
CHECK TO SEE If X ARRAY IS INCREASING OR DECREASING
SGNe1,
IF (XIND LT . X(ISTART)) SGNe=},
D1eSONS(XINT-X(N))
IF (C1.6E00¢0) 60 TO 12
D1=SGNS (X INT=X(JSTART))
IF (D1.LE.0.0) 60 TO 13
1F (ICD.EQ.1) 60 VO 14
WEIGHTING METHOD REQUIRES AT LEAST & VALUES IN X AND Y ARRAYS
IF (N.LT.4) GO TO 14

WEIGHTING METHOD

DETERMINE X-ARRAY INODICES FOR TWO POINTS FORWARD (JsL) AND TWD
POINTS AFT (KsM) OF XINT

00 1 L=JSTART,N

Jel

D1=SGN®(X(J)=-XINT)

I (D1) 1,2,3

JEND=Y

YINTeY ()

RE TURN

If (J.LE.2) GO YO 5

IF (J.EQ.N) GO TO &

JJ23

PAGE

) 4 4
I
1P
44
1p
) 44
Ip
4 4
) £ 4
1P
1P
¥ 4
1P
IP
1P
1p
1e
44
1e
1r
4 4
8 4

Ip
44
Ir
) 4 4
1e
1P
44
1e
44
) 4 4
IpP
1P
1e
1P
Ip
1p
1e

ODBYOWVSWN M
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LISTING OF DFCKs INTER

CARD NO.

41

45

50

5%

60

65

70

75

80

60

60 10 ¢
Jde2
JuN=]
60 70 &
JJel
J=3
KsJ=1
Paj~2
Led+l
INTERPOLATE A YINT VALUE (YSL) BY FITTING A STRAIGHT LINE
BETYEEN K AND J
OLleXINT=-X(N)
D2eXINT-X(X)
D3eXINT-X{J)
Do {XINT=-X(KD)/{X(I)=XIK))}
YSLaDeY(J)e(1,0=D)0Y(K)
INTERPOLATE A YINT VALUE (YP1) BY FITTING A QUADRATIC BETWEEN
My Ko AND J
CleD3I®D27(IXIRI=XIK})IS(X(M)=X(JI)))
C2eD18D IZ (IX(K)=X{N))* (X(K)=X(J)))
C3=D2eDL/7CUIX{I)I=XIM)IISIXNCIN=X(K)))
YPlaClev (M) +C2eY(K)oCI0Y(])
INTERPOLATE A YINT VALUE (YP2) BY FITTING A QUADRATIC BETVWEEN
Ky J» ANV L
D&=XINT=X (L)
CleDasD3IZLIXIK)=X{))*{XIKI=X(L)))
C2eD28D4/7LIXLI)I=XIK) IO (XC(I)=X{L)))
C3=032027 L IXILI=XIX) I {XLILI=X(J)}))
YP2aClsY(K)+C20Y{J)eC30Y(L)

IF (J4-2) 7,8,9
YP2=sYF]
De (XINT-X{1))/7(X(2)=X(1D)
YSLaDeY(2)4(1,0=-D)3Y(1)
€0 Y0 9
YPl=YP2
D= (XINT=X(N=1))/(X(N)=X{N~1})
YSL=D®Y(N)}+(1,0=D)¢Y(N=1}
COMPUTE DEVIATION BETWEEN LINEAR AND QUADRATIC YINT VALUES
DEV1=ABS(YP1-YSL)

PAGE

14
144
1e
) {4
Ie
1p
Ip
IpP
1
ir
Ie
Ir
1e
1e
1P
1P
1e
1p
Ie
) {4
1r
44
144
1P
) 4.4
114
144
1P
1P
1P
) {4
) 8 4
{4
IP
I
1p
¢ 4
) 44
1e
4 4

41
42
43
&4
45
40
47
48
49
50
51
52
53
54
55

57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
7
78
79
80
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LISTING OF DECK: INTER

CARD NO.
81

85

0

95

100

105

10

11

12

L EaXaXa

15
16

PEV2eABS(YP2-YSL)
IF (DEV1+DEV2) 10,10,11
YINTsYSL
RETURN

COMPUTE WEIGHTING FACTORS
WT2=(DEV1*D}/(DEV1I*D+(1.0-D)*DEV2)
WTlel,0-wT2

CORPUTE FINAL YINT
YINTeWT 28YP2+WT1%YP]
RETURN
YINTeY(N)
JEND N
RETURN
YINT=Y(JSTART)
RETURN

LINEAR INTERPOLATION NETHOD

DO 15 LsJSTART,N
=L
D1eSGNS (X (J)=XINT)
IF (D1) 15,2,16
JEND=J

YINTaY(J=1)+(Y(J)=Y(J=1) ) $(XINT-X(J=10) 7{X(J)=XJ=1))

RETURN
END

PAGE

8l
82
83
84
85
86
87
1)
89
90
9
92
93
9%
95
9%
97
98
99
100
101
102
103
104
105
106~
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CARD NO,

1

10

15

20

2%

30

35

40

62

[aXaXa Kz Xgl

1SEsYUTESNINT o XINT,CNEW NP XY s Wy THETA,YPS,YPPS,NOSE,CHORD» IERR)
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PAGE

SUBROUTINE INPUT (TITLE,ITER,IPLOT» IPUNCH,T0P,ICANTK,INTR,YLTE,YND

POUTINE TO READ INPUT CATA FOR AIRFOIL SMONTYHING PROGRAM

CODED BY == HARRY MORGAN NASAZLARC/TAD/AAY 1982

COSEP R0 LA SR SR RESBE SN VPLICHSRIRI RNV EES SRS U S SO OO OCRBIIFESESO0R0 S0

ce
Ce
C*
Cs
()

o 1

DESCRIPTION OF INPUT CARDS FOR SMTOTHING PROGRAM

D NUMBER

DESCRIPTICN

L R N X X J

c.oo.coo----oooocto.o-.ooc«ncooo-oo.0oooto...o...0.'.90..0.0..'0.0......

ce
c*

1

FOPMAT(8A10)
TITLE CAR

L
*

c‘.......l...O........I....'..l.................#.l.“..l........'.....‘

Ce
Ce
Cs
Ce
C*
C*
C*
Ce
Ce
Ce
Cs
ce
Cs
C*
C*
Ce
Ce
C»
Ce
C*
Ce
Cs
Cs

2

FORMAT(8F10.0)

TTER - MAXIMUM RUMBER OF SMOOTHING ITERATIONS

IPLOT ~ P
0
1

COoO@®~NYOWVIHIrWN

[

L

o7

TING CPTION

NO PLOTS

PLOT SMOOTHED AND UNSNGOTHED Y/Cs SHOOTHED
YPSs AND SMOOTHED YPPS VS THETA

PLOT SMOOTHED AND UNSMOOTHED Y/C VS X/C
PLOT SMOOTHED CURVATURE VS THETA

PLOT CAMBER AND THICKNFSS DISTRIBUTION
PLOT OPTIONS 1 AND 2

PLOT OPTIONS 1 AND 3

PLOT OPTIONS 1, 2, AND 3

PLOT OPTIONS 1 AND &

PLOT OPTIONS 1, 2» AND &

PLOT OPTIONS 1, 2» 3¢ AND 4

IPUNCK - PUNCH QUTPLT OPTION

("]
1
2
3

4

NO PUNCHED OUTPUT

SMOOTHEL (XsYsW) PUNCHED

SNOOTHED (THETA,Y/CoW) PUNCHED
SMOOTHED (THETA,YP<,W) PUNCHED (YLTE,
YNOSE» AND YUTE ALSD PUNCHED)

SMOOTHED (THETA,YPPS,W) PUNCHED (YLTE,
YNOSEs AND YUTE ALSO PUNCHED)

LR RN R R I E X R X B4 K X I N K R B XK N J

v
41}
v
1u
1Y)
v
b eT)
1V
by
IV
1u
v
Iv
1V
Iu
v
1v
IV
1V
1u
1v
v
v
v
v

1y
v
1u
v

1V
Iv
I
1V
v
v
v
{1
1u

[
OO YOWRSWN W
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LISTING OF DECKs INPLY
CARD NN,

41

45

50

35

60

70

75

RO

ORIGINAL PAGE b

Y
oF POOR QUAL
Ce S = THICKNESS LND CA“RER DISTRIBUTION (X/C» L4
Ce YICo T/C/2y AND SLOPE) PUNCHED *
C* 6 = INTERPOLATED COOPDINATFS PUNCHED [ ]
Ce I0P ~ INPUT DATA OPTION o
c* 0 = (X,Y,W) INPUT [ ]
Ce 1 = (THETA»Y/CoW) INPUY L]
Cs 2 = (THETAsYPSs W) INPUT °
Cs 3 = (THETA,YPPS, M) INPUT °
Ce ICAMTK - THICKNESS AND CAMBER OISTRIBUTION OPTION L]
Cs 0 = DO NOT COMPUTE THICKNESS AND CAMBER [ ]
Ce 1 = COMPUTE THICKNESS AND CAMBER °
Ce IBAD = BAD COORDINATE CHECK NPTION °
Cs 0 - DD NOT CHMECK FOR BAN COOPDINAYES &
(14 1 = CHECK FOR BAD COORDINATFS .
C* ITRN = INPUT COORDINATE TRANSLATINON AND ROTATION OPTION o
Ce 0 - DO NOT TRANSLATE AND ROTATE ]
Ce 1 = TRANSLATE AND ROTATE SO THATY X-AXIS °
Cs CORRESPONDS TD THE LONGEST CHORDLINE *
Ce INTR = COORDINATE INTERPOLATINN OPTINN ]
Ce O — NO INTERPOLATION DESJIRED .
Ce 1 = INTERPOLATE NEW COORDINATES USING STANDARD 57 ¢
Ce X/C COORDINATES DEFINED IN SUBROUTINE INTP °
Ce 2 - INTERPOLATE NEW COORDINATFS AT INPUT X/C *
Ce VALUES (0.0 +GEs Y/C o+LEs 1.0} L4
C‘ooooc.ooouocoooooooo-ooooooo..u.oc-ooooooooo'oooo..oc.-ocotooocoooooo.
Ce 3 FORMAT(10,0) o
Ce NU - NUMBER OF UPPER SURFACE INPUT COORDINATES °
c‘..........i.000....OOC...OOOCO..O...o'uoooottotooot.co'.o-.oo.ooooo.o‘
Ce 4 FOPMAT(3F10,0) *
Cs XUpYUp WU — UPPER SURFACE INPUT COORNINATES AND WEIGHTING #
Ce (NU CARDS ARE INPUT) °
Ce If 10P=Q, XUsX AND YUsY COORDINATES L4
Ce IF I10Pel, XUsTHETA ANN YlaY/C o
Ce IF J0P=2, XUsTHETA AND YUsYPS§ °
Cs IF 10Pe3y XUaTHETA AND YUsYPPS L
Ce FOR ALL I0P» WUSWEIGHTING FACTOR ®
c‘.-.......litt..l....t....'lO.l..!Il'...o!...‘...'.‘.........O........‘
C* S FOPMAT(10,0) [ ]
Ce NL - NUMBER OF LOWER SURFACE TNPUT COOROINATES o

c......'....................'....O...C.......O........0.00ll.l....l....'

PAGE

1V
1v
1u
(V)
v
U
v
{1}
v
v
v
v
1V
V]
{1
Iu
1V
Iy
1V
U
U}
v
v
1v
IV
1v
4]
v
1v
v
v
v
b {V)
1v
v
1V
v
v
V)
IV

63



LISTING OF DECK® INPUT

CARD NGO,

81

85

90

5

100

105

110

115

120

ORIGINAL PAGE 13
OF POOR QUALITY

PAGE

C* 6 FORMAT(3F10,1) * Iy
C* XLoYLsWL = LOWFR SURFACE INPUT CODRDINATES AND WEIGHTING s IU
C# {NUL CARDS ARE INPUT) * IV
C* IF ITPely XLeX AND YL=Y COQRDINATES * IV
Ce IF T0OPel, XLsTHETA AND YLsY/C * IU
C* IF J0Fw2,; XLeTHFTA AND YL sYPS « 10
[ T® I0Pe3y, YL&THETA AND YLsYPPS * IV
Ce FNR AL I7P, ULSWEIGHTING FACTOR * v
c‘occooo.oooooootooooouo-oo.ocoo.toocoooooocooslooootcooocoo.oloooooooo‘ v
Cs ? CFORMAT(3F10,0n)Y SKyp IF 1NP=0 PR 1 * 1V
Cs YLTE» YNISE, YHTE ~ LCVUER SURFACE TRAILING-ENGE, NNSE, * U
Ce AND UPPER SURFACE TRAILING-EDG. * Iu
C* Y/7C CCOPNINATES * IV
C‘occc-t-.o.oo!oocootoooooo.ooo'oooooooco.ooooooocoooo.ooooooccooooocoo‘ 1y
Cx e FORMAT(F10,0) SKIP IF INTRe0D OR 1 * IV
Ce NINY = NUMBRFR OF INTFRPQLATION X/C COORDINATESR * U
C%ennossconcsscosnoonaceesascresasosssseocasonnnnsssscssesssassosvsesas? 1Y
Ce 9 FORMAT(8F10,0) SKIP IF INTReO NOR 1} * IV
Ce XINT = INTERPDLATION X/C COORDINATES (NINT VALUFS INPUT) = Iy
C¥eocenverocasoncncccncesoesenstsrossssansnnenssssccscsnscossssssssasoaset IV
c* 10 FORMAT(F10,0) SKTP [F INTReO * 10
C» CNEV = DESIRED CHORD LENGTH OF INTERPOLATFN CONRDOINATES ¢ U
C¥eoeotoennnssootsscsecsosssarsscsaassssssnosncsvsossanssssssnsscsnnnsssces? TU
Cs * IV
C* RESTRICTINNS: * IV
Ce ITER NNT GRPFATER THAN 300 * v
C» NU OR NL NOT GREATER THAN 100 * 1V
Ce» NINT NNT GRFATFR THAN 100 * 1Y
Cs * 1V
CHEBHARRIRN IR UG SERREER AR AR LB AN AR A G E A SR SRR AR R AL ENE R AR R e R R iU
c 1Y
DIMENSTION VAR(E), TITLE(B)» XINT(YI), X(1)p, Y(1), W(1), THETA(1)p Y IV
1PS(1), YPPS(1) v

c 1V
CNMMON /SMY/ YUCL100)sYU(100),WU{100), XLE100),YL(100) WL (100) IV

c 1V
COMMQN /BLK1/ PY,PI2+RAD,CONS (1)

1V

COMMON 7INCUT/ JREAD,JWRITE,TORINT v

1V

118
110
120



ORIGINAL PAGE g

LISTING OF BECK: INPUT OF POOR QuALITY PAGE &
CARD ND,

121 c SINHEX)a (EXP (X )-EXP(=X)1/2, v 121

c 0 122

¢ INITIALIZE ROUTINE CONSTANTS 10 123

c IV 124

125 ITRMAX=300 0 125

NMAX =100 v 126

TOLP w1 .E-2 U 127

1ERRe € 10 128

c U 126

130 c READ AND PRINT INSUT NATA U 130

c v 10

¢ READ AND WPITE TTTLE U 132

READ (JREAD,27) TITLF REE

IF (FOF(JREAD)) 25,1 U 12¢

135 1 WRITE (JWRITE,2R) TITLE 10 135

[« FEAD AND WRITF DPTIONS IU 136

READ (JREAD»29) VAR IV 137

ITERSIFIX (VAR(1)} Iy 138

IPLOTSIFIX(VAR(2)) 0 139

140 IPUNCHe TFIX(VAR{3)) M 140

10P«IFIX(VAR(4)) 1V 141

ICAMTK=IFIX(VAR(S)) U 142

I8AD=TFI¥ (VAR(A) ) 1V 143

ITRNSIFIX(VAR(T)) IV 146

145 INTR®IFIX{VAR(8)) IV 145

c CHECK LIMITS OF NPTIONS IV 146

IF (ITER.GT.ITRMAX) TTFRaITRMAX U 147

IF (IPLAT.GTL10) 1PLOTen U 148

IF (IPUNCH.GT+6) IPUNC HeD 10 149

150 IF (10P.6T.3) GO ™n 23 IV 150

IF (TCAMTK.NEeO) TCAMTKa= v 151

IF (IBAD.NE.O) 1BADe] v 152

IF (ITRN.NE+O) TTRN=1 IV 153

IF (INTP.GT,2) TNTReO U 154

155 WRITE (JWRITEs30) ITER, TPLOT, IPUNCHsTOP,ICAMTK,IBAN, ITRN, INTR 1Y 155

c READ AND WRITE NUMRER OF UPPER CURFACE INPUT POINTS 1 156

READ (JREAD,29) VAR(1) U 157

NUSIF IX(VAR (1)) 1Y 158

IF (NUSGT.NKAY) GO T0 2 IV 159

160 WRITE (JWRITE»31) NU I 160

65



LISTING OF DECK: INPUT
CARD ND.

161

165

170

175

180

1%

190

195

200

66

ORIGINAL PAGE TS
OF POOR QUALITY

READ AND WRITE UPPER SURFACE INPUT POINTS AND WEIGHTING
READ (JREAD,3I2) (XUCI)sYULT),WULI)sI=1pNY)
00 2 l=1,NU
IF (MU(T)elTeleO) WU(L)e1.0
CONTINUE
IF (IOP.FQ.0) WRITE (JWRITE233) (XU(I))Iel,sNU)}
IF (JO0P.NE.O) WRITE (JWRITES34) (XU(i)slelpNU)
IF (I0P.LT.2) WRITE (JWRITE»335) (YU(IV»Eesl,sNU)
IF (IOP.EQ.2) WRITE (JWRITES36) (YU(I),1sl,Ni5)
IF (I0P.EQ.3) WRITE (JUWRITE»37) (YU(I)}»TmlpNU)
WRITE (JURITE,38) {WU(I)pInlnNU)
READ AND WRITE NUMBER OF LOWER SURFACE INPUT POINTS
RFAD (JREAD»29) VAR(1}
NLeIFIX(VAR(1))
IF (NLo6T.NMAX) 60 TO 22
WRITE (JWRITE,39) NL
READ AND WRITE LOWER SURFACE INPUT POINTS AND WEIGHTIN.
REAL (JREAD32) (XLUI)sYLUID)sWL(I)s]ImlpNL)
00 3 I=],NL
IF (WL{I)elTels0) WLIY)=1.0
CONTINUE
IF (JOP.EQ.0) WRITE (JWRITE,40) (XL(I)pTel,NL)
IF (I0P.NELO) WRITE (JWRITE,41) (XL(I)pY=1pNL)
IF (JOP.LT.2) NRITE (JUWRITE,42) (YL(I)»I=1,NL)
IF (10P.EQ.2) WRITE (JWRITES43) (YL(I)slelyNL)
IF (I0P.EQ.3) WRITE (JWRITE,44) (YL(IVsIml,eNL)
WRITE (AWRITE,45) (WL(I)sIm1pNL)
READ AND WRITE TRAILING-EDGE COURDINATES
IF (I0P.LE.1) GO TO 4
READ (JREAD,29) YLTE,YNASE,YUTE
WRITE (JWKITE,46) YLTE,YNODSE, YUTE
READ AND WRITE NUMBER OF INTERPOLATION CONORDINATES
IF (INTR.EQ.0) GO YO 6
IF (INTR.NE.2) 60 YO 5
READ (JREAD;29) VAR(1)
NINTeIFIX(VAR(1))
IF (NINT,GT.NMAX) GO TO 24
VRITE (JIWRITE,47) NINT
READ AND WRITE INTERPOLATION COORDINATES
READ (JREAD,29) (XINT(I),1w1,NINT)

PAGE

1v
) {1
14!
v
v
1y
1V
1u
4V
1V
IV
1U
1V
IV
Iv
IV
1v
1
v
1V
W
1v
1v
1u
v
v
IV
1
v
v
1v
IV
1y
1V
v
1V
1v
1v
IV
1V



LISTING OF DECK: INPUT

CARD NOD,

201

210

215

220

22%

230

235

240

rOOM wo

[2 Xz X2

DO JOAOOO (2 Xz Xa Xal

WRITE (JWRITE,4@) (XINT(I)slel,NINT)

READ AND WRITE NEW CHORD OF INTERPOLATED COL..DINATES
READ (JREAD»29) CNEV
WRITE (JWRIYE»49) CNEW

CHECK UPPER SURFACE CDORDINATES FOR AAD POINTS

IF (JOPNE.O) GO TO 7
IF (1BAD,EQ.1) CALL BADPT (XUsYUyNUpTOLR» 1, TERR)
IF (IERR.NE.O) 60 TO 26

CHECK LOWER SURFACE COORDINATES FOR BAD POINTS

IF (IBAD.EQ,1) CALL BADPT (XLoYLoNLsTOLRs2,TERR)
IF ‘JERR,NE.O) GO TO 26

TPANSLATE AND ROTATE THE INPUT COORDINATES SN THAT THE X-AXIS
CORRESPONDS TO THE LONGEST CHORDLINE OF THE AIRFOIL

IF (ITRN.EQ.1) CALL TRNSRT (XUsYUsWUsNUsXLsYLsWLsNLsTITLE)
LOAD Xs Y, THETA» YPS, AND YPPS ARRAYS

IF (10P) B,8,15
IF I0P=0» COMPUTE THETA FROM INPUT X
COMPUTE THETA FOR LOWER SURFACE
CHORDeXL(NL)=XL(1)
DELYAXU(NU)=XU(1)
17 (DELTA.GT.CHORD) CHORD=DELTA
NPs=0Q
N0 11 Tel,Ni
NPeNP+1
JeNL+1-1
WINP)esUWL(J)
DELTAe(XL(J)=XL 1))/CHORD
IF (DELTA.LE.CONS) GO Y0 9
DELTAeTAN(DELTA/CONS--1.)
THETA(NP) e=P  2=ALOG(DELTA+SORT(DELTA*DELTA+1,))
60 10 10
TYETA(NP)o~ACOS(1.~DELTA/CONS)

PAGE

v
v
1v
v
1Y
1U
iy
IV
Iv
1V
1u
1v
1u
Iu
1u
1V
I
1U
v
1v
{1
IV
1u
v
I
1V
v
IV
v
1u
v
1u
v
4]
1V
v
Iu
1y
1V
IV

201
202
203
204
205
20e
207
208
209
210
211
212
213
214
215
21¢
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
236
239
260
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LISTING OF DECK:s INPUT

CARD ND,
2641

249

25¢C

. 1]

260

265

270

27%

280

68

10

12
13
14

15

16
17

ORIGINAL PAGE 1S
OF FOOR QUALITY

X{(NPIeXL{J)/CHORD
YINPYasYL () /CHORD
NOSE =NP
COMPUTE THETA FOR UPPER SURFACE
Jel
IF (XLE1)EQeXULL1)oANDeYL(1).EQ,YU(L)) Ju?
DN 14 JeJ,NU
NPaNPe]l
WINP)eWU{ D)
DELTAs(XULEY=XULL) ) /CHORD
IF (DELTALLE.CONS) GO 70 12
DELYA«TAN(DELTA/CONS=1,)
THETAINP)wPYZ2eALOG(DELTASSQRT(DELVARDELTA+14))
G0 TO 13
THETAINP) =sACOS(1.,-DELTA/CONS)
X{NPYaxU(§)7CHORD
YI(NP)eYU{I)/CHORD
G0 YO 20
1F I0P=l, 2, OR 3, COMPUTE X/C FROM INPUT THETA
COMPUTE X/C FOR LOWER SURFACE
CHDR DY ,0
NPo(
D0 17 Is=1,NL
NPeNP+l
JeNL +1-]
WiNP)sWL(J)
IF (10P.EQ.1) YINP)IeYL(J)
IF (I0P.EQ.2) YPSINP)uYL{J)
IF (10P.FQ.3) YPPSINP)aYL(J)
THETA(NPY=XL(J)/RAD
DELTASABS{THETA(NP))
IF (DELTA.GT.PI2) 6D TO 16
XL(J)eCONS*(1.~COS(OELTAN)
60 T0 17
XL{IIeCONSH{ATANISINHIDELTA=-PI2))+1.)
X{NPIeXL(J)
NOSEeNP
COMPUTE X/C FOR UPPER SURFACE
XU(1)eXL(L)
D0 19 IeZ2,NU

PAGE

261
242
243
240

245
247
248
249
25¢C
251
252
253
254
235
258
257
258
259
260
261
262
c63
264
265
266
267
268
269
270
27N
272
273
274
275
276
27
278
279
280



CRIGINAL FAGE IS
OF POOR QUALITY

LISTING OF DECK: INPUT

CARD NO.

20

285

290

29%

loc

305

310

315

320

O 0

NI P

»

OO NDTOION
]

NPaNP+]l

W{NP)eNU(])

IF (10FP.EQ.1) YINP)eYU(I)

IfF (I0P.EQ.2) YPS(NPIeYU(I)
IF (I0P.EQ.3) YPPS(NP)IaYU(])
THETAIN. YaxXU(I)/RAD
DELTA=ABS (THETALINP) )

IF (DFLTA.GT.PI2) 60 TO 18
XUCZ)sCONS*#{1.-COS(DELTA))
60 10 19
XUCI)=CONSS(ATAN(SINH(DELTA-PI2))+1.)
X(NP)sXU(I)

PRINT SUMNARY OF INPUT DalA

WRITE (JWRITE,S50) TITLE

DO 21 I=1,NP

DELTA=THETA(I)*RAD

I (I0P.LE.1) WRITE (JWRITESSL) IoX{XsY(T),0ELTALW(T)

IF (10PE0Q0¢2) WRITE (JURITESS52) I X(IV,DELTA,YPS(I),W(I)
IF (I0P.E0.3) WRITE (JWRITEeS53) I,X(I)sDELTA»YPPS(I),NII}
CONTINUE

WRITE (JWRITE,54) CLHORD

G 10 26

PRINT ERROR MESSAGES
NNeIFIX(VAR(1))

WRITE (JVRITEL55) NN

60 70 25

WRITE (JWRITE,56) JoP

60 YO 25

WRITE (JVRITE,S57) NINT
7 ADDITIONAL INPUY DATA
TERRs?2

RFTURN TO CALLIMNG PROGRAM

PAGE

1v
(1]
IV
v
) {1}
Iu
1L
v
v
v
Iv
{1}
v
Iy
{0}
v
v
1Y
v
Iv
v
{1
{1}
{/]
v
v
v
1V
1y
{1}
v
{1}
v
v
v
v
v
{1
1V
1v

2?1
282
283
284
285
286
287
268
289
290
291
292
293
294
295
296
297
296
299
300
301
302
303
304
305
306
307
308
309
310
£ D
312
313
314
315
316
317
318
319
320
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LISTING OF DECK: INPUT

CARD NOD.

1

325

330

i35

340

345

350

35%

170

31
32
33

35
3%
3?7
38
39
40
4l
&2
43
L 1)
&5
46
47
49

50

! [ oS

OF P 3 iy '*L‘t !b'

COR GuaLiry
PAGE
RETURN v
p{T)
FORMAY (8A10) v
FORMAT (1HYp57X,14H==INPUT DATA==//5Xs "HTITLE==52X58A10) IV
FORMAT (8F10.5) v
FORMAT (7SXs6HITER op 43X THIPLOT 2,733 X OHIPUNCH =,13,3X,5HI0OP IV
18,13,3X,HICANTK ®313,3X,6HIBAD ©513,3X,6HITRN @5 T35, 3X, SHINTR 5,13 U
2) IV
FORMAT (/5X,2HNU =514) 1u
FORMAT (3F10.5) {V)
FORMAT (/75X 3HXUm,B8E15.67(8Xs8E15,6)) {1
FORNAT (/5Xs3HTUeBELS5,67({8XsPELS6)) {1}
FORNAT (/5X53HYey8€15.6/(B8XsB8E15,6)) IV
FORMAT (/74Xp64HYPU®,B8E15.,6/(BXs8E15,6)) v
FORNAT (73X, 5HYPPUesB8E15.67(8X»8E1546)) 1]
FORMAT (/75X 3HWUm,8E15.6/(8XpB8EL15.,8)) iy
FORMAT (/5Xp&HNL =5]14) v
FORRAT (/75X 3HXL®»BEL15.6/(8XsB8EL5,6)) v
FORMAT (/5% 3HTL=pBEL15.67/(8X98E15.6)) IV
FORMAT (/5X,3HYLe9B8ELS5.67/(8XsBELS.6)) v
FORNAT (76X,4HYPL=yBEL15.6/(8XsB8E154,6)) {1
FORNAT (/73Xs5HYPPLS»BE15.6/(8X,8E15.6)3) IV
FORMAT (/SXp3HML®90E15.6/18X38E15.6)) ) {1
FGRNAY (/3X,6HYLTE o3E15.655Xs THYNOSE =9E15.695Xs 6HYUTE o,E15,6) 1w
FORMAT (73X, 6HNINT =, 14) 1]
FORMAT (/73XpSHXINT®,8E15.6/(8Xs8EL5.6)) ¢V
FORMAT (73X, 6HCNEW =5F10.3) 1]
FORMAT (1H1529Xp25H==SUMMARY OF INPUT DATA==//SXsOHTITLE=- ,8A107 IV
179X 1HI510%X53HX/Co12Xo 3HY/Crp12X) SHTHETAPL10X s 3HYPS . 2Xs 4HYPPS2aXs]l 1U
2HW) I
FORMAT (11052F15.69F152530X9F15.2) Iv
FORMAT (J10sF15606515X9F15625F1506515%9F15,2) v
FORMAT (T105F15:6915XsF1562515XpF15,69F1562"? 14T
FORMAT (75X, THCHORD =,F15.6) jAH
+ORMATY (7/75X,28HINPUT CARD ERROR NU OR NL o,14) LU}
FORMAT (/7/75%X523HINPUT CARD ERROR I0P =514) IV
FORMAT (/775X 24HINPUT CARD ERROR NINT o,15) Tu
END I

322
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
346
365
346
3a7
348
349
350
231
pEY 4
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354
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LISTING OF DECK: TRNSRTY
CARD NO,

1

10

1%

20

2%

5

40

(2N aNal (2] o [a] e Xa NaNaXaNal

(2 XaXaNa N J

ORIGINAL PAGE IS
OF POOR QUALITY

PAGE

SUBRPOUTINE TRNSRT (XU, YUpWUsNUp XL YLsWLsNL,TYTLE) TR
TR

ROUTINE TO TRANSLATE AND ROTATE THE INPUT AIRFDIL COORDINATES SO TR
THAT THE x=AXIS CORRESPONDS TO THE LONGEST CHORDLINE TR
TR

CODED 8Y =< HARRY MORGAN NASA/LARC/TAD/AAS 1982 ™

TR

DIMENSION XU(1l), YULL), WUIL1D, XLC(1)p» YL(L)}s NLI1), TITLE(8) L et
*

COMNNON /HLM/ X(200),Y(200)5W(200) TR
TR

COMMNON /BLK1/7 PI1,P12,RADSCONS TR
TR

CONMMON /INOUT/ JREADsJWRITESIPRINT ™
TR

PRINT INPUT COCRDINATES TR
TR

WRITE (JWRITE,13) TITLE TR
Jeiky TR
IF (NL.GT.NU) JsNL TR
DO 1 Iel,i ™
IF (T.LE.NU.ANDoIoLEeML) WRITE (JNRITES14) Yo XULT)oYULTIXLEIDpYL( TR
11} T8
IF (ToLEeNUGAND.Io6ToNL) WRITE (JURITES14) ToXUITDI,YU(I) TR
IF (J.6T NUAND.I.LE.NL) WRITE (JWRITE,15) ToXLII)»YL(D) T
CONTINUE TR
TR

COMPUTE LONGEST CHORDLINE R
m®

LOAD LJOVER SURFACE COORDINATES TR

Ne 0 TR
DO 2 Iei,NL TR
JeNL+1-1 TR
NsN+l LL
MIN)eWL () ™
X{NYoXL(J) TR
Y{(N)eYL({J) TR
J=1 TR
IF (XLCY)eEQoXU(1)oANDQYL(L)EQeYU(L)) Je2 TR
LOAD UPPER SURFACE COORDINATES TR

[
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NN bt st st ot s b
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RIGINAL PAGE 18
& POOR QUALITY

LISTING OF DECK: TRNSRT

CARD NO.

41

4S5

50

55

60

65

70

75

a0

72

OO Ww

OO ®

D0 3 JeJpNU
NeNel
WIN)eWU(])
X(N)=XU(T)
Y{N)sYy(l)
COMPUTE MIDPDINT OF TRAILING-EOGE BASE
XTESD5¢{X(1)+X(N))
YTE=QeS5®*(Y(1)eY(N)})
FIND MDST FORWARD LEADING-EDGE PDINT AND LONGEST CHORD
CHORD=0,0
DO 5 l=1,N
DISTaSORT((X(I)=XTE)*+2¢({Y(I)=YTE)®s2)
IF (DIST=-CHORD) 5,554
CHORD=DIST
NOSEe]
XNOSE=X(])
YNOSEsY (])
CONTINUE

TRANSLATE AND ROTATE AIRFOIL

IF (CHORD.LE.O0.0) 60 TO &
COSA=(XTE-XNOSE)/CHORD
SINAe(YTE=YNOSE)/CHORD
ANGLESATAN{SINAZ/COSA)*RAD

W0 T0 7

COSA=0,0

SINACQ. 0

ANGLE=(Q.0

DO 8 JelsN

DISTeX(I)
X(1)e(DIST=XNOSE)*COSA+(Y(I)=YNOSE)*SINA
Y{I)elv{I)-YNOSE)*COSA-(DIST-XNOSE)*SINA

REDEFINE LOWER AND UPPER SURFACE COORDINATES

00 9 lel,NOSE
J*NOSE+1-1
LISPOLLEIRY)
XL(IYex(J)

PAGE

TR
TR
TR
LL!
TR
TR
iR
TR
1L
TR
TR
R
TR
TR
11
R
TR
T
TR
TR
TR
AL
TR
TR
R
TR
TR
TR
TR
TR
TR
TR
TR
TR
TR
TR
TR
TR
R
TR

41
42
43

&5
46
47
48

50
51
52
53
54
55
50
57
58
59
60
61

63
64

66
67
68
69
70
7
72
73
74
75
76
77
78
79
80



LISTING OF DECKs TRNSRTY

CARD NO.
81

es

90

93

100

105

110

IO

1n

12
13

14
15
16

CRIGINAL PagE ig

OF POOR QuALITY PAGE

YLID)eYid) m®
NLeNOSE ™
DD 10 IeNOSE>N ™
Je1+1-NOSE ™
WU ) oW () ™
XU(JDeX(T) ™
YU(J )Y LT) ™
NUeJ ™
™

PRINT NEW AIRFOIL COORDINATES ™
™

WRITE (JWRITE»16) TITLE ™
daNU ®
IF (NL.GT.NU) JaNL ™
00 11 Ielsd ™
IF (1.LENU.AND.ToLESNL) WRITE (JWRITE,14) YoXUCT),YUCT),XLLI),YLE TR
11) ™
IF (ToLEoNUoAND.IoGTeNL) WRITE (JURITE,14) IoXUCIV,YUCI) ™
IF (I.GToNU.AND+I.LE.NL) WRITE (JWRITE,15) To¥L(I),YL(I) m®
CONTINUE ™
WRITE (JWRITE,12) XNOSEsYNOSEsANGLE ™
RETURN ™
™

FORMAT (/75X THXNOSE ®5F15.655Xs THYNDSE =pF15.695Xs THANGLE ®sF8,3) TR
FORMAT (1H1,32X,21H=~INPUT COORDINATES==//5Xs THYITLE==52X»8A10//9X TR
1o 1HT 11X, 2HXU» 13Xy 2HYU13Xp 2HXL 913Xy 2HYL) TR

FORMAT (5Xs1594F1546)
FORMAT (5%X515030X02F15.6)

TR
TR

FORMAT (1M1,21X,38H=~TRANSLATED AND ROTATED COORDINATES—=//5X, 7THTI IR
1TLE==»2X, BA10/ /9%, 1HI»11X» 2HXU» 13X » ZHYU» 1INy 2HXL» 13X 2HYL) 1L

END

™
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ORIGINAL PAGE
OF P(N)R (”JALFFV

LISTING OF DECK: BACPT

CARD NO,

1

10

15

20

25

30

35

40

14

OO o (2] [ B o ] (2 XaNads Nl

[aXaNa) [a Xzl al

(2 X2 ¥ ol

SUBRODUT INE BARST (XpYaNPs»TOLRy» ISURFs 1I€ERR)

ROUTINE TO EDIT BAD POINTS FROM X AND Y INPUT COORDINATES

CODED BY ~- HARRY MORGAN NASA/LARC/TAD/AASB
DIMENSION X(1)s YU(1)s SURFL2)

COMMON /HLM/ TI(100)5YI(100)5YN(100)5 THETA(100)

COMMON /BLKY/ Pl1,PI2,RADSCONS

COMMON /INOUT/ JREAD,JNRITES IPRINT

DATA SURF{1)/5HUPPER/sSURF(2)/5HLOVER/
IF TOLERANCE IS 26RO OR NEGATIVE RETURN

IERR=0
IF (TOLReLEO040) RETURN

COMPUTE LOCAL CHORD
CHORD=X (NP)-X(1)
INITIALIZE ITERATION PARANETERS

ICDe0

IPTIP=0

NilsNpP-1

NMAX o0
TOLCsTOLROCHORD

COMPUTE THETA EQUIVALENT OF X

DO 2 I=1,NP

DELTA=(X(I)=X(1))/CHORD

IF (DELTA.LE.CONS) GC TO 1
DELTAsTAN(DELTA/CONS~1,)
THETA(I)ePT2+ALOG(DELTA+SORT(DELTASDELTA®L,))

PAGE

8D
8D
80
80
80D
80D
8D
80
8D
80
80
8D
80
80
8o
eD
8C
8D
80
80
80
80
1]
80
80D
80
L1
8D
]
80
80
1)
80
80
80
80
80
80
B0
80
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LISTING OF DECK: BACPT
CARD NO,

41

45

50

5%

60

65

70

75

80

(o] WO N

ORIGINAL PAGE IS
OF POOR QUALITY

60 70 2
THETA(I)=ACOS(1.~-CELTA/CONS)
CONTINUE

LACP YO SEARCH FOR BAD POJINTS

NMAXaNMAX+]L
JSTARTe]

COMPUTE NEW Y VALUE BY INTERPOLATINN
DN 5 I=25N1
Ks0Q

LOAD TI AND YI ARRAY = ONMIT THE T(TH) TINPUT DATA POINT
DO & Jeo)l,NP
IF (1.EQeJ) GO TO 4
KasKel
TYI(K)sTHETA(J)
YI{K)eY(J)
CONTINUE
INTERPOLATE I1(TH) DATA POINT

CALL INTER (THETA(I)sYNII)sKsTI»YI»JISTART,JEND,ICD)
JSTART«JEND
CONTINUE

CHECK TOLERANCE OF INTERPOLATED PDINTS
IPT=0
ERRNAXS 0,
DO 7 Ie24N1
ERRM INe Q.
ERReABSIYNLIN=-Y(]I))
IFf (ERR.GE.TOLC) ERRMIN=ERR
IF (ERRMIN-ERRMAX) 72756
IPTs]
ERRMAXCERRMIN
CONTINUE
IF (IPT.€Q.0) RETURN

PRINT COORDINATES OF BAD POINTS
IF (NMAX.€Q.1) WRITE (JWRITE,9) SURF(ISURF),TOLC
VRITE (JURITE,10) IPT,X(IPT),Y(IPT),YN(IPT)

REPLACE BAD POINT WITH INTERPOLATED VALUE
Y(IPT)eYN(IPT)

PAGE

60
BD
80
80
80
60
8D
80
6D
80
80
L1))
6D
80
80
80
80
8D
8o
eo
80
80
8o
80
a0
80
80
80
80
-1
80
80
80
80
80
80
80
80
80

CHECK TO SEE 1IF THIS BAD POINT 1S ADJACENT TO THE PREVIOUS BAD 8D

7



ORIGINAL PAGE '3
OF POOR QUALITY

LISTING OF DECK: BADPY PAGE 3
CARD NO.
91 ¢ FOINT == IF IT 1ISse PRINT A WARNING MESSAGE AND TERMINATE 80 81
¢ PROGRAM EXECUTION 80 82
IF ((IPTPLEQ IPY=~1),.0R.(IPTP.EQ.IPT+1)) GO TO 8 BD 83
IF (IPTP.EQeIPT, 60 TO 8 8D 84
85 IPTPeIPTY 86D 85
IF (NMAX.GENP) RETURN 80 86
c 8D 87
c RETURN TO START OF LOOP AND SEARCH FOR NEXT BAD POINT 80 &8
¢ 8D 8%
90 60 Y0 3 60 90
c 80 91
9 WARNING NESSAGE PRINT STATEMENT 80 92
C 80 93
e WRITE (JWRITE,11) 8D 94
9% 1ERRe] 80 95
RETURN 80 96
¢ 80 97
9 FORMAT (1H1//71X,44HVWARNING =~ BAD POINTS HAVE BEEN FOUND ON THE,1X BD 98
15A551%X9 37HSURFACE BASED ON AN EDIT TOLFRANCE OF»,F10.6/) 80 99
100 10 FORMAT (1X,15HBAD POINT AT Zeplé,5X,4HX » ,F10.655X94HY o 3F10.655 BD 100
1X» 18HREPLACEC WITH Y o ,F10467) 80 101
11 FORMAT (1X,93HADJACENT BAD POINTS HAVE BEEN FOUND —= PLEASE CORREC BD 102
17 YOUR INPUT DATA AND RESUBMIT YHIS CASE.) 80 103
END BD 104~

76



ORIG,
OF FQ:;; PAGE I3
LISTING OF DECK: SMOXY QUALITY PAGE
CARD NO.
1 SUBROUTINE SMAXY (THETAsX,Y,Ms YSMO,YPS,YPPS,NP,NOSEs YLTE, YNOSE, YUT SO
1Es EOSHNF ITERy TITLE, IOP, IFRR) S0
¢ 50
C THIS SURROUTINE PRESENTS A TECHNTQUE FOR SMOOTHING Y INOYT S0
5 c COORDINATES USING LEAST SOUARES POLYNONIAL AND CURIC SPLINF s0
< METHNODS sn
c s0
c IF 10°e0 OR 1, COMPUTE YPPU (UNSMNOTHED SECGND DERTVATIVES) FROM SO
¢ LEAST SQUARES POLYNAMIAL FITTING OF Y VS THETA. THEN COMPUTE $0
10 ¢ YPPS (SMOOTHED SECAND DFRIVATIVES) FROM LEAST SQUARES CURTC so
c SPLINE FITTING OF YPPU VS THETA, FINALLY COMPUTE YSMO (SMORTHED Y SO
¢ COORDINATES) USING INVERSE CUBIC SPLINE METHOD. S0
¢ sa
c IF InNPe2, COMPUTE SECAND DERIVATIVES FROM INPUT FIRST DERIVATIVES, SO
15 ¢ THEN COMPUTE UNSMONTHED Y CONRDINATES FROM SECOND DERIVATIVES AND SO
¢ FOLLOW SAME PROCEDURES AS OUTLINFD ABOVE FOR IOP 0 MR 1, so
c S0
c IFf 10P=3, COMPUTE UNSNOGTHED Y COORDINATES FRON INPUT SECOND <n
(o DERIVATIVES. THEN FNLLNW SAME PRACFDURES AS OUTLINED ABNVE FOR S0
20 ¢ 10° 0 OR 1. s0
c s0
C CODFD BY == YARRY MIRGAN NASA/LARC/TAD/AAS 1982 sn
¢ <0
c DINENSION THETA, X, Y, W» YSMO, YPS, AND YPPS BY NP IN CALLING $°
25 c PRCGRAM s0
DIMENSION TITLE(R), THETA(L)s X(1), Y(1)s W(1), YSHOL1), YPS(1), Y SO
1PPS(1) s0
s0
COMMON /HLM/ WK(200,10) s0
30 ¢ s0
COMNON /SNYZ YPO (2000, YUSMO(200), DUME200),A(2¢ "5 4)5 YN(200),YPOU(20 SO
10), SUMY(300),LTER (30) sn
c so
COMMON /BLKL/ PI,PT2,RADsCONS so
25 c sn
COMMOM /INQUT/ JREAC»JWRITEs IPRINT s0
c s0
DATA LMX72007 872100 o7 SO
¢ so
40 ¢ SINHEX) e (EXP(X)=EXP(=X))/24 s0
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LISTING OF DECK: SMOXY

CARD NO,

41

45

50

5%

60

65

70

75

80

78

NHEOOTOON

COSH{X)e(EXYP(XD)+EXP(=X}}/2,

IERR =0

IF (I0P.EQ.O0.ORsI0P4EQsLl) 60 TO 13
IF (10P.E0Q.2) GO TO 1

IF (I0P.EQs3) GO TO 11

IF 10P=2, COMPUTE SECOND DERIVATIVES FROM INPUT FIRST
DERIVATIVES. THEN COMPUTE INITIAL Y/C COORODINATES FROM SECOND
DERTVATIVES.

COMPUTE SECOND DERIVATIVES USING CSOS
D0 2 I=slsNP
DUP(I}=1,.0
T1=0.0
CALL CSOS (LMXsNPsTHETA»YPS»DUM,Tl,s=15A,WK, TERR)
IF (IERReNE.O) 60 TO 71
DO & le]l,NP
JF 72.EQ.NP) GO TO 3
YePS(I)eA(S,2)
60 T0 &
DELTAsTHETA(II=THETA(I~-1)
YPPS(I)m(3.,8A(1=194)%DELTA42,%A(I=1,3))DELTi¢A(LI=1,2)
CONTINUE

COMPUTE SECOND DERIVATIVES USING LSOSMOD
DELTAsl,

PAGE

SO
so
$0
SO
S0
0
$0
SO
SO
S0
SO
so
Sg
SO
S0
SC
SO
SO
S0
sa
SO
S0
sg
SO
SO
SO

CALL LSOSHND (THETA»YPSsWsDUM» YPP, YUSMO,NP,1,NPsNODSE,DELTASEPS, IERR SO

1)
IF (IERRoNE,O) RETURN
COMPUTE Y/C COOCRDINATES

S0
SO
SO

CALL YNEW (THETA,YPPS,YsNOSE,NP,YLYE,YNDSE, YUTEL,EPS,DUM, WK,y J¥RITE, SO

10)

CALL YNEW (THETA,YPPsYUSMOsNOSE, NP, YLTE)YNOSE» YUTESEPS, DUM, WKy JWRI SO

1TE,0)
COMPUTE NEW FIRST DERIVATIVES AND COMPARE WITH INPUT
FIRST DERIVATIVES

WRITE (JWRITE,73) TITLE

SUM1e0,0

SUM2«0,0

DO 7 I=1sNP

SO
SO
S0
so
S0
SO
$0



ORIGINAL PAGE [g

LISTING OF DECKt SMOXY OF POOR QUALITY PAGE 3
CAPD ND.

81 IF (1,60.1) 60 TO 5 so 81
DELTASTHETA(I )-THETA(1~-1) sg 62
YN(I)aYPPS(I=1)¢DELTA/64+YPPS(I)SDELTA/34¢(Y(I)=Y(I~1))/DELTA so 83
DUM(I)eYPP(I=1)#DELTA/64+YPP(T)SDELTA/3.+(YUSNO(T)-YUSMO(I-1)) /DEL SO 84

8s 1TA S0 85
G0 TC 6 S0 86

5 DELTASTHETA(2)=THETAL1) SO 687
YN(1)a=YPPS(L)$DELTA/3,-YPPS(2)#DELTA 6. +(Y(2)=Y(1))/DELTA S0 88
DUN(1)e=YPP(1)9DELTA/3e=YPP (2)¥DELTA/ 64 (YUSHN(2)=YUSHO(1))/DELTA SO 89

Q0 6 T1eYPS(I)=YN(I) so0 90
T2eYPS(I)-DUN(I) so o1
SUN1eSUN1+T1¢T1 so0 92
SUN2sSUN24T2¢T2 S0 93

7 WRITE (JWRITE,74) I,YPS(INsYN(I),T1+DUN(T),T2 SO 94

s WRITE (JWRITE,75) SUM1,SUNM2 SO 95

¢ SELECT OUTPUT FROM EITHER CSDS OR (SQSwO $O 96

DO 10 I=1,NP S0 97

IF (SUM2,LT.SUM1) GO TO 8 sa 98

YPP{1)aYPPS(I) S0 99

100 60 10 9 S0 100
8 Y(I)evUSHO(T) $0 101

YN(I)sDUM(T) S0 102

9 YSHO(T) aY(I) $0 103

10 YUSMD(I)eY(I) SO 104

105 IF (SUM2.GE.SUM1) WRITE (JWRITE,76) $9 105
IF (SUM2.LT.SUMI) WRITE (JWRITE,TT) SO 106

IF (ITER.EQ.0) GD TO 48 S0 107

60 TO 13 S0 106

¢ $0 109

110 ¢ IF 10Pe3, COMPUTE IMITIAL Y/C FROM INPUT SECOND DERIVATIVES S0 110
¢ AND Y7C CODRDINATES AT THE UPPER AND LOWER SURFACE TRAILING $0 111

¢ EDGE AND NOSE $0 112

¢ s 113

1 CALL YNEW (THETA,YPPS,YsNOSEsNP,YLTE,YNDSE,YUTELEPSsDUN, WK, JWRITEs SO 114

115 10) $0 115
¢ COMPUTE FIRST DERIVATIVES S0 116

DO 12 Ie1,NP S0 117

YSMB(E) =Y (1) SO 1186

YUSHO(T)eY (1) S0 119

120 IF (1.EQ.1) GO TO 12 S0 120

79



LISTING NF DECK: SmMOXY

CARD NO.
121

128

130

135

140

145

150

153

160

80

12

Xz XsXal

s NaXaXgl

15

16

Xz XaXa Xal

DELTASsTHETA(I)-THETA(I-1)

geE 18
ORIGINAL PAGE 1<

YN(I)aYPPS(I-1)DELTAZGe+YPPS(T)®DELTA/ 3¢ (Y(I)=Y(I=1))/DELTA

YPP(I)eY
DELTA=TH

PPS(I)
ETA(2)-THETA(1)

YN(1)e=YPPS(LISDELTA/3.=YPPS(2)*DFLTA/6.+(Y(2)-Y{1)})/DELTA

IF (ITER
INITI

00 14 I=
YUSHO(I)

IF (TOP«LTe2) YPP(1)e0.0

YSKEO(I) =
DUR(I)=1
IF (ITER

«EQ.0) GO TD 4«8
ALIZE ARRAYS

1sNP
a¥(1)

THETA(I)*RAD

«6T.0) GO TO 17

IF 10P«0 OR 1 AND NO SMOOTHING DESIRED (1.E. ITER=0) » COMPUTE
SECOND DERIVATIVE FROM CUBIC SPLINF SURROUTINE

CALL CSDS (LMXpNPyTHETA»Y,0UMp040,=1,Ap VK, JERR)

IF (IERR

«NE.O) GO TO 71

COMPUTE Y AND SECOND DERIVATIVE

00 16 Ie=
IF (T1.EQ
YSMO(I) =
YN(I)eA(
YPP(I)=2
G0 Y0 16

DELTASTHETA(I)-THETA(I~-1)

1sNP

eNP) GO TO 15
AlIsl)

1,2)

«*A(I»3)

YSHO(I) o ( (A(I=1,0)*DELTAGA(I=1,3))%DELTA+A(I=192))¢DELTASA(I~1,1)
YN(L)o(3.¢A(T-1,4)0DELTA®2,%A(I=153))¢NELTA+A(TI=142)
YPP{IVeb.*A(1I=1,4)*DELTA®2,%A(]~1,3)

CONTINUE
60 TQ 48

FIND MAXIMUM INPUT Y VALUE AND ITS LOCATION FOR UPPER AND

LOWER

YMAXe0,0
JHAXL=]l

SURFACES
LOVER SURFACE

PAGE

S0
50
SO
S0
S0
sg
S0
SO
SO
S0
S0
SO
)
SO
so
b )
SO
so
SO
s0
S0
SO
SO
SO

SO
S0
L1

so
SO
SO
S0
so
S0
SO
SO
S0
so
$O

121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
143
149
150
151
152
153
154
155
156
157
158
159
160



‘:R“?"VAL ‘xf¢"
OF POOR qua

LISTING NF DECK® SMOXY

CARD NQO.

161

165

170

175

180

185

190

105

200

13

19

[z XaNeXe N\

22

21
24

00 19 1s1,NOSE
JaNDSE+l-1
IF (ABS(Y(J))aGT,¥YMAX) GO TN 18
6N T0 16
YMAX® ABS(Y (4))
JMAXL =)
CONTINUE
UPPER SHRFACE
YMAXeQ0
JMAXU=]
DN 21 I=NOSFsMP
1F (ABS(Y(I))+GT,Y¥AX) GN TO 20
GO 10 21
YMAX® ARS(Y(]1))
JMAYUs]
CONTINUE

ooy
~ W)

ALITY

COMPUTE UNSMPNTHEND SECOND DERIVATIVE USING LEAST

SILARES POLYNNMTAL METHOD

J1=0
ICONeO
MTER=Q
JelTER
KT1e0

IF (IPPINTGNECO) WRITE (JWRITES,7R) TITLE

DN 23 Ie1,30
KTI=aKTIel
LTER(I)s10
Juy=1¢

IF (J) 22,2402
LTER(I)=10+J
GO TN 24
CONTINUE

D0 39 LL=1,KTI
NlsLTFR(LL)

DO 34 TelsNl

CALL LEAST CQUARES POLYNNMIAL SMOOTHING ROUTINE

PAGE

CALL LSOSMD (THETA,YUSMN, W YN,DUM, YPPUSNP, JMAX Ly JMAXU) NNSF,UT,FP S, SN

1IFRR)

161
162
163
164
165
'66
167
168
169
170
17
172
173
174
175

177
178
179
140
181
182
183
194
185
18¢
187
188
18¢
190
191
192
193
194
195
196
197
198
199
200

8l



ORIGINAL PpgE '~
OF PCOR CUALIYTY

LISTING OF DECK® SMOXY

CAF ) NO,

201

205

210

215

220

225

235

240

82

25

27

24
29
3
32

33

34

35

IF (IFRRNEeQ) RETURN

COMPUTE ERROR TERM
SUMY(I)=0.9
DD 25 Joal,NP
SUMY(T)eSURY(1)(YPPU(J)=YPP(J))*e2
JleJ141
IF ((1.LE«3)<AND.(LL,EQ.1))} GO TO 26
If (I.EQ.1) 60 T0 26

CHECK FDR OSCILLATIONS IN CONVERGEMCE OF ERROR TERM

IF (SUMY(I)=SURY(I-1)) 26526532
LOAD ARRAYS FOR NEXT ITERATION
D0 31 Jal,NP
WK(JsT)eYPPU(Y)
IF (LL.FQ.1.AND.I,EQ. 1) YPPS(JleYPPULY)
YPP(J)eYPPULY)
CCeyUtNO( )
IF (J1-2) 29,28,27
AA=YN(JI=~YUSMD(J)
B8mA(Js1V=A(J52)
T1=SIGN(1.5AA)
T2eSIGN(1.,88)
IF (T1.EQ.T2.0R.AA:QeBB) GO TD 28
YUSMO(J)eA(Ip2)-BBE{YUSMO(J)I=ALJIs2))/1AA~RR)
60 T0 30
YUSMO(J)=0,5%(YUSHO(JSI+YN(J))
G0 T0O 30
YUSNO(J)eYNLY)
A{Js 1) YN(J)
AlJs2ie(CC
GO TO 313
NTEReI-1
ICONs2
GO 7O 36
NTERs=I
CHECK FOR CONVERGENCE BASED ON INPUT EPS
IF (SUMY(I).LE.EPS) GO TO 395
CONTINUE
GO TO 36
ICON=1

PAGE

SO
50
S0
SO
S0
50
SO
SO
SO
SO
sO
S0
sa
b1
5o
SO
SO

SO
SO
S0
b
S0
SO
S0
s0
S0
$0
SO
SO
SO
SO
SO
S0
sO
S0
sa
SO
SO
S0

201
202
203
204
205
206
207
208
209
210
21l
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240



LISTIMNG OF DECX: SMAYXY

CARD NO,

241

250

2%%

280

265

270

275

280

37

kL]

30

NOOO

[ I

PRINT SECOND DERIVATIVES GENERATED TURING SNODTHING PROCESS

IF (IPRINT.NE,O) GO TO 38

WRITE (JWRIYELBD) TITLE

DO 37 ls?,NO

WRITE (JIWRITESSI) JoYSEN(I Wi (i1 T, NTER)
WRITF CIWRITE,R2) (SUMY T), =l dTER)

IF C(IPRINT.NE.O) WRITE (JWRITE,79) LLs{SUMY(TI)sTm1,NTER)
MTER=MTER+NTER

IF (ICONGNHELO) 60 TO «C

CONTINUT

IF (ICOKEQs0) WRITE (JWRITE,B3I) NTER

Y (ICON.EQ.1) WRITE {.oRITZ,84) MTER

IF (ICONGEQ.2) WRITE (JWRITES85) MTER

COMPUTE SMOOTHED SECOND DERIVATIVE USING LEASY SQUARES
CUBIC SPLINE

PO &Y I=1,NP
DUR(I)=DF
CALL LEAST SQUARES CUBIC SPLINE RNUTINE
CALL €SDS (L¥Xp i P THETA)YPPUp DUMpFLOATINP) p-1sAs WKL IERR)
IF (IERR.,NZ D) 60 TO 71
cr YT SECOND DERJVATIVE
SUM=(C,0
0J 44 Ise},..
If (I1.€EQ.NP) GO TQ 42
YPP(IleA(1,51)
GO TD &3
DELTAeTHE ¢A(I)-THETALI-1)

YPP(IY = {{AlI=1p0)2DELTA®A(I=1,3))*DELTA4ALT=1,2))*DELTA¢A(I-1,1)

SUMe:  +{YPPULI)-YPP{1))ee2
YPPU(I)eYPPS(I)
WRITE (JWRITF,8R) SUM

COMPUTE NEW Y COORDINATES FROM SMODTHEDN SECOND DERIVAVIVES

PAGE

CALL YNEYH (THETA,YPP, YSMOsNOSE;NPsYUSHO(1}, YUSHO(NOSE), YUSNO(NP),E 50O

1PS,DUM NK, JURITE, 1)

241
242
243
264
245
24¢
247
246
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
26¢
269
270
271
are
273
274
275
276
277
278
218
280

83



LISTING OF DECK: SrOXY

CARD NO.
281

290

295

300

305

310

315

320

[a N2 Xg]

[ Xa Nl ]

F 3alalal

49

omGaiAL PAGE 18
OF POOR QUALITY

PAGE

CHECK NEW Y COORDINATES FOR SMOOTHNESS SO

so

CALL LEAST SQUARES POLYNOMIAL ROUYTNE S0

D0 &% Ie]l NP S¢
Atlsl)=1.0 $o
CALL LSOSMD (THETA,YSHO»ArYNsDUNIYPPL NP1 o NPy NOSE,WT,EPS, IFRE) SO
IF (IERR.NELO) RETURN SO
COPPUTE ERROR TERMS SO
SUM]1e0,0 L3
SUM2s0,0 11!}
DO 46 Inl,h" SO
ACae ¥~y 3SMOCI)=YN(I) L1
Ai12)sYPP(I)=YPPSII) SO
SUMleSUML+A(]Is1)ee2 so
SUMeaSUM2+A(1,2) 882 £y
SO

COMPUTE FIRST DERIVATIVE FROM SAQQOTHES SECONO DERIVATIVE S0

SO

NieNpP=] SO
DC 47 Is=l,Nl SO
DELTASTHETA(I+1)=-THETA(I} so
YN(I)e=YPP(1)SDELTA/3.-YPP{I*1)¢DELTA/6.4({YSRO{TI+1)=YSHO(I))/ZELTA SO
DELTASTHETANPI=THETAIND) $0O
YN(NPY=YPPINL)*DELTR/ O+ YPPINP)®DELTA/3,+(YSMNCI(NP}=YSEOINL))/DELTA ST
SO

PRINT SUMMARY OF SHNOOTHFN ARD UNSMNOTHED DATA b i)

SO

WRITE (JWRITES86) TITLE so
DO 53 I=1,NP so
YPS{1)=sYN(]) so
IF (THETA(IDoLEeOe} YN(I)e=YN(I) $o
Ti1=ARS{THETA(ID) so
IF (T1.6T.P1I2) GO TO &9 SO
GP=CONS®SIN(T]) se
GPPeCONS®*CAS(TY) SO
60 T0 50 SO
DIFeCOSH{T1-PI2) SO
DELTAsS INH(TL=-PI2) so
GP=CONS/DIF SO
GPPo=CONS*DELTA/(DIF*DIF) SO

281
282
283
284
285
286
287
28e
269
290
29
292
293
c94
295
296
297
298
299
30g
301
302
303
F1
305
306
307
308
309
310
211
312
313
314
ais
3ie
317
318
319
320



LISTING OF DECK: SNOXY
CARD KD.

321

32%

33

335

340

343

350

35%

360

50

51

52

2 XaXaNa

IF (1.€Q.NOSE) GO TO 351
DYDXeYN(I)/GP
DY2DXe(YPP(I)SGP=YN(]I)eGPP) /7 (GPP8])
CURVeABS(DY2DX) /(SQRT(Le4DYDX¥%2)#%3)
60 TO 52

DYDX=04 1E99

DY20X=0,.1E99

CURV=CONS/{YN(I)*%2)

RLEsl./CUR"

PELTA=Tt FA(I)ISRAD

DIFeY(IV~-YSMO(I)

YPPS(I)eVF (1)

L g
OF Poop PAGz !T'é

PAGE

sa
sa
sa
SO
sa
30
SO
50
sa
S0
SO
SC

WRITE (JWR.TFeB7) IsDELTASsXC(IDsYII)oYUSHOIT),YSHALTDHLDIF,YPS(I), TP SO

1P(E),0YOXsDY2DXs CURV
WRITE (JWRITELB9) RLE

CHECK FOR INTERSECTION OF UPPER AND LOWER SURFACES

DFFINE TTERATIUN INTERVAL
KRT=1001
N1=s28KRT
TEaTHETAINP)
TN=a=THETA(1)
IF (TNJLT.TE} TEeTN
DIFsTE/FLOAT(KRT-1)
BB=0.5%DIF
AA=0,859TE
YL1eYULsYSHO(NOSE)
TP=TNeD,.0
J1sNOSE
J2e2
DO-L00P YO SEARCH FOR INTERSECTION
D0 59 I=2,N1
IF (TP.LE.ALA) TNsTNeDIF
IF (TP.GT.AA) TN=TN+BB
IF {(TN.GT.TE) GO TO 61
TI=sTN

FIND UPPER SURFACE Y-CODRDINATE AT THETA = TN

DO 54 KuJi,NP
Jek=1

so
S0
sa
50
SO
so

ad -

50
S
<0
so
So
SO
SO
sQ
S0
MY
so

L4
-

S2
S0
S0
SQ
b3]
SO
sQ

321
322
323
324
32s
326
327
326
329
33C
331
332
333
334
335
336
337
238
3

)

LR
443
364
345
34¢€
347
348
349
350
351
352
353
354
3535
356
357
358
59
360



LISTING OF DECK: SMDXY

CARD NO.
361

365

370

375

3Rr0

aas

390

3995

400

Se
55

56
57

nwe OO0

ofF POOR

PAGE

IF (TY.GE.THETA(J)<AND.TI.LE.THETALJ+1)) GO TO S5 )
CONTINUE S0
DELTASTHETALJ¢1)-THETA(J) SO
T2aTHETA(J+1)=T] SO
T1eTI~THETALJ) S0
YU2eYPPS(J)e(T2¢%3/ (6. ¢DELTA)=T2¢DELTA/6,)4YPPS(Jo1)*(T1¢93/(6 . ¢DE SO
ILTA)-T1®DELTA/64 )+ (YSHDCJ)IST24YSHO(J+1)8T1) 7DELTA so
Jlsg SO
IF (J1.LT.NOSE) J1sNOSE SO
FIND LOWER SURFACE Y-COORDINATE AT THETA = TN so
Tle-TN so
DO 56 K=J2,NOSE so
JeNOSE+ 1=K S0
IF (TI.GE.THETA(J).AND.TI.LE.THETA(J+1)) GO TO S? SO
CONTINVE S0
DELTA=THETA(J+1)=THETA(J) SO
T2«THETA(J*1)=T1 S0
T1eTI-THETA(J) SO
YL22YPPS(J)® (T2837(6,®DELTA)=T2¢DELTA/6s 14 YPPS(J+1)S(T18437(6,*DE SO
1LTA)-T12DELTA/64 )+ (YSHD(SI*T24YSHO(J+1)*#T1) /DELTA so
J2=NOSE+1-J SO
IF (J2.17.2) J2s2 S0
COMPUTE THETA FOR INTERSECTION OF STRATGMT LINE SEGMENTS THRU SO
LAST TWO POINTS ON EACH SURFACE so
CCe{YU2-YUL=YL24YL1) /{TN=TP) S0
IF (ABS(CC).LT.1.E~10) GO TO S8 S0
Tle(YL1=YUL)/CC4TP S0
IF (1.EQ.2) GO TO 58 $0
CHECK TD SEE IF INTERSECTION THETA IS BETWEEN THIS TN-VALUE so
AND THE PREVIOUS TN=VALUE S0

IF (T1.GE.T +AND.T1.LE.TN} GO YO 60 S0
CONTINUE TO NEXT TN-VALUE S0
YUlevt'2 SG
YL1eYL2 S0
TPeTN so
CONTINUE s0
G0 TO 61 s0
IF (T1.6E.TE) GO TO 61 S0
IF INTERSECTION OCCJRS WRITE ERRDR MESSAGE AND RETURN TO so
CALLING PROGRAM S0

10

361
362
363
364
365
366
367
368
369
370
In
372
373
374
375
376
3t
378
379
380
381
382
363
384
385
386
387
k1.1
389
390
k1)
392
393
394
39S
396
397
398
399
400



LISTING OF DECK: SMOXY

CARD NO.
401

405

410

415

420

425

%30

435

440

L XXX )

62

63
-1
65
66

67
63

Tl=T1sRAD

WRITE (JWRITE,72) T1
1ERRe]

RETURN

FIND LOCATIONS WHERE DY/0DX=0.

KRT=0

NleNpP-1

D3 66 I=1,N1

DELTASTHETA(I+1)~THETA(I)
AAS(YPP(I)-YPP(141))/7(2.%DELTA)
BRe(YPPLEI+1)STHETACI)~-YPP(I)STHETA(T+1))/0ELTA

PAGE

CCn(YPPLIIOTHETA(I+1)002-YPP(I+1)STHETA(T)®42) /(2. %DELTA)+(YPP(I+1 SO

1)=YPPUI)IODELTAZ6o=(YSRO(TI+1)=YSNO(I))/NELTA
GPeBa®*BB~4.*AASCC
IF (6P) 66962962
GP=sSQRT(GP)
Tie{-B8B+GP)/(2,%AA)
T2a(-BB~GP)/(2.%AA}
IF (T1,GETHETALI) AND.T1.LE.THETA(I+1)) GO TO 63
60 Y0 64
KRTeKRT+1
WKI{KRT, 1) =T)
IF (T2,CE<THETALI) ANDeT2.LE.THETALI*1)) GO 7D 65
60 TO 66
KRTeKRT+1
WK IKRT, 1) eT2
CONTINUE
IF (KRT.EQ.0) GO YD 70
FIND x/C AND Y/C WHERE DYIDXe0.
00 69 I=1,KRY
CALL INTER (WK(X51)sVWK{Is2)pNPsTHETASXs1sKT120)
D0 67 Je)l,N]
Jley
J2eJ+] :
IF CWKEIp1)eGEeTHETA(JIIoAND WK (Ts1)oLESTHETA(I#*1)) GO TO €8
CONTINUE
AAeTHETALJI2)-WK{Is1)
BBeWK(Is1)=THETA(JL)

1

Al
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424
425%
426
427
428
429
430
431
432
433
434
435
436
437
438
439
440

87



LISTING OF DECK: SMOXY
CARD NO.

a1

445

430

455

460

465

470

475

480

69
70

(2 X2 X2

0 ~NOOO

T2

74
K4
76
n
78

LA
80

81
82
63

84

R'GINAL PAGE IS
5F POOR QUALITY

PAGE

WK(Is1)oMK(Is1)¢RAD S0
DELTA=THETA(I2)-THETA(JL) SO
WK{Is3)sYPPIILIGIAAI®I /(6. CDELTA)=AAPDELTAZG.)+YPPLI2)¢(BBO*3/ (6. ¢ SO
10ELTA)-BBCDELTA/ 6 4+ LYSHO(JLIEAASYSNO(I2)€B8) /DELTA SO
CONTINUE so
IF (KRTGT.0) WRITE (JURITE,90? (WK{Ip2)pWKIIs3)sWK(Ip1)pInlpeKRT) SO
SO

PRINT RESULTS OF SMOOTHNESS CHECK SO

so

IF (ITER.EQeO) RETURN So
WRITE (JURITE»91) TVITLE.DF S0
WRITE (JURITE,92) (I5A11s1)5A0192),11,NP) SO
WRITE (JWRITE,93) SUM1,SUN2 S0
RETURN gﬂ
0

PRINT WARNING MESSAGE IF ERROR OCCURRED IN CALL TO CSDS 50

SO

WRITE (JWRITE,94) IERR SO
RETURN S0
SO

FORMAT (/5X,108HERROR MESSAGE <==— SWOOTHING PROCESS RESULTED N SO
LAN INTERSECTION QF THE UPPER AND LOWER SURFACES AT THETA o,F10.3) SO

FORMAT (1H1s1X, THTITLE==»2X»BA10//12Xs62H~=CHECK OF FIRST DERIVATI
1VES GENERATED FROM I0P=2 INPUT DATA~=///9%,1HI,5X912HDY/DTLINPUT),
26X511HDY/ZDT(CSDS)»8Xs IHDIF 96X 13HDY/DTILSOSNG)»8X 5 3HDIF/)

FORMAT (5Xp1555(5%sF10.6))

FORMAT (/725X,16HSUN O SQUARES 2,4X»F1046920XpF1046)

FORMAT (710X, 25HCUTPUT FRON CSDS SELECTED)

FORMAT (710X, 27THOUTPUT FROM LSUSMO SELECTED)

FORMAT (1H1o1XpTHTITLE==p2Xp08A20//30Xp53H==S1IN OF SQUARES GENERATE
10 DURING SMOQTHING PROCESS-—-;

FORMAT (/17515510F12,7) :

FORMAT (1H1s1Xs THTITLE==»2XsB8AL0/730Xs6?H==SECOND DERIVATIVES W/R
1THETA GENERATED DURING SNOOTHING PROCESS==/4X51KTs5Xp SHTHETAL10(5X
256HDY2/0T) /)

FORRAT (15,F10.2510F11.6)

FORMAT (/1X»,14HSUN OF SQUARES»(10F11.6))

FORMAT (/3Xy41HSHOOTHING PROCESS HAS NOT CONVERGED AFTER,I&4»1Xs10H
1ITERATIONS)

FORMAT (/73X 3IHSKOOTHING PROCESS CONVERGED AFTERy 145 1X,10HITERATIO

SO
S0
so
SO
SO
SO
SO
$O
S0
s¢
S0
SO
50
So
so

12

44}
442
443
“44
445
446
447
440
449
450
451
452
433
454
435
456
437
4586
459
460
461
462
463
464
465
466
467
468
469
470
471
472
473
LY L)
475
476
A7
473
479
480



OF PoogR
LISTING OF DECK3 SHOXY QuALITY PAGE
CARD NO.
81 INS) s0
85  FORNAT (/3X,41HSHOCTHING PROCESS BEGAN DSCILLATING AFTER,14,1X,10H SO
LITERATIONS ) 0
86  FORMAT (1H1s1X,THTITLE==s2X»BA10/748Xs28H-=SNOOTHING OUTPUT SUMNAR SO
Y LY==t 74X s 145X s SHTHE TA»5Kp 3HX /27X s HY /Co 7 Xp AHYT /T, 5 Xp SHYSHO/C» 64X, SO
2SHDELTA»TXs 3HYPS 56X 2 AHYPPS s BXs SHDY/DX s 7Xs 11HO(DYZDX) 70X s 6X » S0
19HCURVATURE/) s0
87  FORMAT (I155F1002s7F10e6s3E15¢6) s0
88  FORMAT (/73%,38BHSUM OF SQUARES FROM LEAST SQUARES CUBIC SPLINE SNGD SO
490 LTHING =pE1244) s0
89  FORMAT (/3Xs22HLEADING-EDGE RADIUS/CesF10.6) 0
90  FORMAT (/3Xs16HDY/DXe0. AT X/CasF10.655Xs&HY/CusF10s695%s 6HTHETA®s SO
1£10.3) 0
91  FORMAT (1H1s1XsTHTITLE==»2X»BA10/712Xs29HCHECK OF SNOOTHED COORDIN SO
495 LATES »3X » 3HDF 8> FL067/9X» 1HE »5X» 20H(YSNOZC-CHECK VALUE; » TX» so
218HLYPPS—CHECK VALUE)/) s0
92 FORMAT (5X»15,10XsF10.6515XsF10.6) 0
93 FORMAT (/5X»15HSUM OF SQUARES=sF10e6915XsF1046) so
94 FORMAT (/3Xs21HINPUT ERROR =— POINT »13,18H IS NOT INCPEASING/) go
500 END o

13

481
482
483
€84
485
486
487
488
489
490
491
492
493
494
495
496
497
498
499
500~

89
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LISTING OF DECKs YNEW

CARD WO,

1

10

1%

20

25

30

35

40

(2 Ra Xz OO

2 X 2] (2 X2l NI

(e X g/

PAGE

SUBROUTINE YNEW (THETASYPPsYoNOSE, NP, YLTE» YNOSE, YUTE,EPS,DUMsUKsJW YV

IRITELIPT)

ROUTINE TO COMPUTE NEW Y/C COORDINATES USING AN TTERATION
PROCEDURE THAT INSURES A DESIRED Y/C CONRDINATE AT THE NOSE

(IPT=0) OR THAT INSURES CONTINUITY DF THE FIRST DERIVATIVE W/R TGO

THETA AT THE NOSE (IPTe}l)
CODED BY == HARRY XURGAN NASA/LARF/TAD/AAB 1982

OIMENSION THETA, YPP, Y, AND DUM BY NP AND WK BY 2¢NP IN
CALLING PROGRANM
DIMENSION THETA(L)s YPP(1l)s Y(1)» DUNM(1), WK(1)

INITIALIZE ITERATION PARAMETERS

NMAX =20

Nls-]

DELTA=O,

T1oTHETA(NDSE )=THETA(NOSE~1)
T2sTHETA(NQSE+1)~-THETAINOGSE)
DO 1 Ial,Ne

DUMII}=YPP(])

ITERATION LOOP YO COMPUTE INCREMENTAL ADJUSTMENT TO SECOND
DERIVATIVE TO INSURE THAT THE DESIRED CONVERGENCE OPTION ATV
THE NDSE IS OBTAINED

NleN1l+}

IF (N1,GT.NMAX) G0 T0 11

IF (IPT.EQ.1) GO TO 3
IF IPT=0, CONPUTE UPPER AND LOWER SURFACE Y/C COORDINATES
CONCURRENTLY

CALL INVY (THETA,DUF, 15NP, Y, YLTE, YUTE,WK)
COMPUTE DIFFERENCE BETWEEN QUTPUT AND DESIRED Y/C COORDINATE
AT THE NOSE

OIF=Y(NOSE)-YNOSE

GO TO 4
IF IPTely COMPUTE UPPER AND LOUWER SURFACE Y/C COORDINATES
CONSECUTIVELY

A4 )
Y
w
w
Y™
Yo
™
AL
AL
v
w
AL
AL
\{
AL
w
i
AL
e
Y™
Yy
Y
YV
v
Yo
AL
e
Yv
A4
AL
Yo
N
v
v
AL
™
w
Al
YW

-
COONOMIEWNM
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e
&
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NN
WS w

PUWWLWWWWWWOHWNNNN
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LISTING OF DECK: YNEW

CARD NO.

41

45

50

5%

60

65

70

75

@0

[ I N 2]

s OO OB NO

=IO

CALL INVY (THETA»DUMpNODSESNPy Yy YNOSE, YUTEs WK)
CALL INVY (THETASDUMs1sNDSE,Y,YLTE,YNOSE,WK)
COMPUTE DIFFERENCE BETWEEN UPPER AND LOWER SURFACE FIRST
DERIVATIVES AT THE NOSE
AA==DUM (NOSE)&T2/3,=DUKINOSE+1)#T2/6.+(Y(NDSE+1)-Y(NOSE))/T2
BAsDUMINOSE=1)8T1/76.¢DUN(NOSE)STL /3,4 (YINOSE)=-Y(NOSE-1))/T]
DIFeAA-BB
CHECK FOR CONVERGENCE
IF (ABS(DIF).LE.EPS) GO TO 9
COMPUTE ADJUSTNENT VALUE TO SECOND DERIVATIVE
IF (N1.EQ.0) 60 TO 6
IF (DIFLEQ.DIFP) GO TO 5
SPe(DELTA-DELTAPY/(DIF-DIFP)
DELTAP=DELTA
DIFPaDIF
DELTA=DELTA=DIFOSP
GO T0 7
DELTA=0.5*({DELTA+DELTAP)
60 10 7
DELTAPDELTA
DIFP=DIF
DELTA=DELTA+OIF
ADD ADJUSTMENT VALUE TO SECOND OERIVATIVE
DO 8 Isl,NP
DUN(S)eYPP(I)+DELTA
CONTINUE TO ITERATE
60 TO 2

PRINT CONVERGENCE MESSAGE

WRITE (JURITE,14) N1,DELTA
REDEFINE THE SECOND DERIVATIVE

DO 10 I=i,NP

YPP(1)=DUN(])

IF (IPT.EQ.1) GO TO 12

60 710 13

PRINT NON-CONVERGENCE MESSAGE
NleNl~1

Yi
Y
Y
Y
Y
Y
b4
Y
Yu
Y
v
Y
Yd
Y
Y

A4
Y
Y
AL
i
v
AL
AL
Y
Yo
Y
AL
AL
04
Y
Y
AL
AL
Y
v
Y
LA
AL
w

9



LISTING OF DECK: YNEW

CARD NO.
81

85

90

9%

N

= III=OOO
w

»

-
]

ORIGINAL PAGE S
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PAGE

WRITE (JWRITE,15) N1 Yo
Y

COMPUTE NEV UPPER AND LOWER SURFACE Y/C COORDINATES CONCURRENTLY YW
Yy

CALL INVY (THETA,YPP»1,NPsY»YLTE»YUTESWK) AL
Yo

RETURN TO CALLING PROGRAM v
AL

RETURN Y
Yu

FORMAT (/73X,88MITERATION PROCEDURE TO CNNPUTE INCREMENTAL ADJUSTME YW
INT TO SECOND DERIVATIVE CONVERGED IN ,13,23H ITERATIONS AND DELTA YW
2eyE1244) Y™
FORMAT (/7/710X,%0HWARNING THE FOLLOWING ERROR HAS OCCURRED//3X,95H YV
LITERATION PROCEDURE TO COMPUTE INCREMENTAL ADJUSTMENT TO SECOND DE YW
2RIVATIVE DID NOT CONVERGE IN ,I3511H ITERATIONS) Y
END ™

81
82
83
84
85
66
87
88
89

N
92
9
%
95
9
7=



LISTING OF DECKs

CARD NO.

1

10

15

20

25

30

35

40

GMO OO0

(o Na X gl

OO

onNn

INVY

SUBROUTINE INVY (X,YPPsNS)NEsYsYSTARTs YENDs A)

THIS ROUTINE COMPUTES Y VALUES FROM KNOWN SECOND DERIVATIVES AND
END CONDITIONS

CONED BY == HARRY MORGeN NASA/LARC/TAD/AAS 1982

IN CALLING PROGRAM DIMENSION X, YPPs AND Y BY NE AND A BY 2oNE
DIMENSION X(1)s YPP(1)s Y(1)» A(NE,2)
SET END CONDITIONS

Y(NS)=YSTART
Y(NE)SYEND

PERFORM FORMARD ELIMINATION

Al1,1)=YSTARY

A(ly2)e0,0

NeNE=NS+1

Nls=N-1

00 1 J=a2,N1

JeNS+I-1

HlsX(J)=X(J=1)
HZeX(J+1)=X(J)
Co{HI*YPP(J=1)/76¢(HL+H2)*YPP (J)/3,+H2*YPP{Je1)/bs ) *HLSH2
De=H2%(A(I=1,2)41,.)-H1
All,2)eH1/D

AlIs1)e (C=H2%A(I-1,1))7/D

PERFORM BACK SUBSTITUTION

JeNE

DD 2 1a2,N1

Ja -1

NeN-1

Y(J)sA(Ns1)=A(Ny 2)%Y(J+1)

RETURN TO CALLING PROGRAM

PAGE

DDV RSP WL

23



LISTING NF DECK® INVY
CARD NG,
41 c

RETURN
END
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Iv
IV
v
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LISTING OF DECK: LSQSMC
CARD NO.

1

10

15

20

2%

30

35

40

OGN O O O0O0OMNOO

G OAOO -
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OF POOR QUALITY

SUBROUTINE LSQOSHC (XpYsWoYNoYPsYPPsNs THAX, JHAXSNOSEs WT»EPS» IERR)

PAGE

LN

THIS SUBROUTINE IS USED TO SMOOTH X AND Y BY CONSECUTIVELY FITTING LM

A LEAST SOUARES POLYNOMIAL OF DEGREE & THRU 7 POINTS AT A TIME

CODED BY == HARRY MORGAN NASA/LARC/TAD/AAB 1982
DIMENSION X(1)» Y(1)s W(1l)» YN(1)s» YP(1)» YPP{L)
DIMENSION XIU7)y YI(7)s WN(T)s A(5,6), 8(5)

COMMON /INOUT/ JREADs JWRITE»IPRINT
CHECK NOSE REGION FDR SYMMETRY

ISYMe1

00 1 Ie1,3

IF (ABS(X(NOSE~I)¢X(NOSE+I))eGToEPS) TSYN=O
IF (ABS(Y(NOSE=J)+Y(NCSE+I})+GT.EPS) ISYM=O
CONTINUE

IERP <0

FIT A LEAST SQUARES POLYNOMIAL OF DEGREE & THRU 7 POINTS

00 14 I=1,N
LOAD 7 POINTS FOR LEAST SQUARES POLYNONTAL FIT
IF (I.LT.4) GO YO 2
IF (1.6TeN=3) GO TO 3
Jle]-3
J2el43
60 T0 ¢
Jle}
J2=7
60 70 4
J1laN=¢
J2eN
KKs=0
IF (ISYM.EQ.0! GO TO 7
IF (16T NUSE~3,ANDoI.LE.NOSE) GO TO %
IF (J.LT.NOSE+3,AND.I.GT.NOSE) GD TD 6
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LN
LN
LN
LN
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LN
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LN
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LISTING C- Df
CARD NO,

41

45

50

22

60

65

70

75

80

QINAL PAGE iS
OF POOR QUALITY

‘% LSQSMG

60 T0 7
5 J1aNQSE~-6
J2=NOSE
G0 0 7
& J1+NOSE
J2=NOSE +o
7 00 & L=J1,42
Jol
IF (J.LE.NOSE) JeJleg2et
KX oKk
WWIK ;1,0
YE (1.EQ.J) WHIKK)eN(])
IF (JeEQ.IMAXORCILEQIMAX) WNIKKIayTSU(S)
XI(KKYeX(J)
8 YI(KK)eY())
IF (I.LE.®) WH(V)eT oW (1)
It (TeGE.N=3) WW(T)uT.®W(N)
c COMPUTE LEAST SQUARES MATRIX
DO 9 Le),S
DO 9 Jel,s
9 AlLyJ)=0,
0N 11 Kel,?
Tlel,
00 1Y J=1,5
T2eT}
00 10 Le1,%
ACJsL)mA(IsL)eT28UN(K)
10 T2eT28X 1K)
Aldob)oA(dsb)=YI(X)OTLONUWIK)
11 TieTI®XI(K)
c SOLVE FOR COEFFICIENTS OF LEAST SQUARES POLYNDMIAL
D0 12 Kel)o
DO 12 Jek, &
T1sAlJ+1sKIZA(KSK)
D0 12 LeKsb
12 ACJ*Llsl)oA(d+lsL)=A(KoL)OTL
B(S)e=A(3,6)74(5,5)
D0 13 Le2,%
Kep=|
BIK)m=A(K»6)Z7A(KsK)

PACS

Ln
Ln
in
LN
Ln
LN
in
Ln
LN
LN
LN
LN
LN
L
Ln
(Y]
LN
Ln

LN
Ln
LN
Ln
LN
"
LN
LN
Ln
in
LN
L

LN
LA
LK
Ln
LN
Ln
Ln
Ln

41
42
43
44
&5
46
47
8
49
50
51
%2
33
954
55
-1
57
-1 ]
59
60
61
62
63
64
65
66
67
68
&9
70
n
72
73
74
75
76
17
78
79
80



ORI
OF GINAL page g

LISTING OF DECK: LSOSMO POOR QUALITY

CARD WNO.

81

05

14
9

K1lsK+)
00 13 Jsk1,5
BIK)eB(KI-B(JISA(K,JI)/A(KSK)

C~PUTE NEW Y » FIRSY s AND SECOND DERIVATIVE
YNCI)=C((B(SIEXTIN+B{4))SX(TI+B(3)IoxNITIN+B(2))ex(1)+B(1)
YP(TIu((a,0BCSIOX(T)+3,0B(A)IOXITI42,¢B(2) I8N (1)eB(2)
YPP(I)a(12.80(S)eX(J)00,98(4) 08X (I)e2,08(3)

CONT INVUE

IF (ISYMEQeO) RETURN
YN(NOSE)=0.0
YPPI(NOSE)=0,0
YP(NOSEI=1.0

RETURN

END

C-o

PAGE

LN
LN
LN
LN
in
LN
Ln
"
N
e
LN
LN
LN
LN

81
82
63
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85
1)
87
88
89
90
91
92
93
94~

97



LISTING OF DECK: CSDS
CARD NO.

1

10

15

20

25

30

33

40

ORIGINAL PAGE 1S

PAGE
SYBROUTINE CSOS (MAXSIXoXpFs0F»S»IPT,CNEF, WK, TERR) cs
CESS220 842050 SS 2 RE05EE. (S RSSEESUSREES RELRSEE SO R ER IS S S S 0E 0SS S0SS (S
Ce o Cs
Ce PURPOSE?® (S
ce SUBROUTINE CSDS FITS A SMOOTH CUBIC SPLINE YO A e CS
Ce UNIVARTATE FUNCTION. DATA WAY BE UNEQUALLY SPACED, © CS
ce ® (S
Ce USEs ®CS
Ce CALL CSOSIMAXS IXoXpFoDF»S»IPT,COEFsUKSIERR) L gg
Ce °
Ce PAX INPUT INVEGER SPECIFYING THME PAXINUN NUNBER OF DATA © CS
Ce POINTS FOR THE INDEPENDENT VARTABLE, ¢ CS
Ce o CS
Ce m INPUY INTEGER SPECIFYING THE ACTUAL NUMBER OF DATA = CS
Ce POINTS FOR THE INDEPENDENT VARIABLE, IXJNAX, o cg
Ce e C
Ce X ONE=DINENSIONAL INPUT ARDAY DYNENSIONED AT LEAST o CS
Ce IX IN THE CALLING PROGRAM, UPON ENTRY TD CSDS» e CS
Ce X(I) MUST CONTAIN THE VALUE OF THE INDEPENDENY e CS
Ce VARIABLE AT POINT I, ®CS
Ce ®CS
Ce F ONE-DINENSIONAL INPUT ARPAY DYMENSTONED AT LEAST e CS
Ce IX IN THE CALLING PROGRAM., UPQON ENTRY TO CSDS, e CS
Ce FLI) MUST CONTAIN THE VALUE NF THE FUNCTION AY o CS
Ce POINT X(1). ®CS
Ce o CS
Ce DF OHE-DIMENSIONAL INPUT ARRAY DIMENSIONED AT LEAST o CS
Ce IX IN THE CALLING PROGRAM, UPON ENTRY TO CSDS, e CS
Ce OF(I) MUST CONTAIN AN ESTINATE OF THE STANDARD o CS
Ce DEVIATION OF F(I). e CS
Ce ¢ CS
ce s A NON=NEG: .IVE INPUT PARAMETER WHICH CUNTROLS THE s CS
Ce EXTENT OF SNODTHING, S SHNULD BE IN THE RANGE o CS
ce (IX=(2¢IX )82, 5)<SC(IX+(20IXI®S.5), ¢ (S
Ce e CS
Ce IPY INPUT INITIALIZATION PARAMETER. THE USER MUST ¢ CS
Cs SPECIFY "PTe=1 WHENEVER A NEW X ARRAY IS ¢ CS
Cs INPUT. THE ROUTINE WILL ALSO CMECKX TO INSURE THMAT ¢ CS
cs THE X ARRAY IS IN STRICTLY INCREASING ORDER. ¢ C§
Cs *C

o gt ot Pt put Pt Bt gt
ONORPWNMNODNONS BN

N
(- -}
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S W N

NN~
BNV

WewwEwnN
VIrWNED O

S WWWW
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ORIGINAL PAGE IS

LISTING OF DECK: CSOS OF POOR QUALITY PAGE
CARD NO.

o1 ce COEF A TWO-DIMENSIONAL QUTPUT ARRAY OIMENSIONED (MAXs4) © CS

ce IN THE CALLING PROGRAM, UPON RETURN, COEF(I,J) e CS

Ce CONTAINS THE J-TH COEFFICIENT OF THE SPLINE FOR ¢ CS

Ce THE INTERVAL BEGINNING AT ®OINT X(I). THE ¢ CS

.S ce FUNCTIONAL VALUE OF THE SPLINE AT ABSCISSA X1, ®CS

c» WHERE X(I)<x1<€Xx(I+1)s IS GIVEN BYs s CS

Ce FIX1)eC(COEF(Is4) *HeCNER(T,53) )SHICOEF(I,2))%H ¢ CS

ce +COEF(Is1) o cCS

Ce WHERE HeX1-X(I) * CS

50 ce ®CS

Ce wK A ONE-DIMENSIONAL WORX AREA ARRAY DINENSIGNED AT °CS

ce LEAST (7#IX+9) IN THE CALLING PROGRAM, °CS

Ce ¢ CS

ce 1ERR QUTPUT ERROR PARAMETER: o CS

55 Ce 0 NORMAL RETURN. NO ERROR OETECTED. ®CS

Ce ad  THE J-TH ELEMENT OF THE ¥ ARRAY IS NOT IN e Cs

ce STRICTLY INCREASING ORDER. °Cs

Ce e~1 THERE ARE LESS THAN FNUR VALUES IN THE X ARRAY.¢ CS$

Ce o Cs

60 ce UPON RETURN FROM CSDS, THIS PARAMETER SHQULD BE *CS

ce YESTED IN THE CALLING PROGRAM, °Cs

Cs °Cs

ce o CS

ce e Cs

6% Ce REQUIRED ROUTINES ~NONE °CS

c* *CS

c* SOURCE INSL ROUTINE ICSSMU MODIFIED BY # CS

ce COMPUTER SCIENCES CORPORATION o CS

Ce ®CS

70 Ce LANGUAGE ~FORTRAN o CS

Ce ®CS

cs DATE RELEASED SEPTEMRER 5, 1972 o CS

c* ®CS

c* LATEST REVISION MARCH 1975 o Cs

75 CEEBS 8RR SR 4000008800088 SRE 0202040 EC SR RGPS 0S NSRS 0CESER0S 408080 (S

¢ s

¢ cs

DIMENSION X(1)p F(1)s DF(3), COEF(MAXp4)s WK(1) gs

¢ s

80 ¢ SET UP WNRKING AREAS cs

41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
.1}
65
66
67
68
69
70
7
72
73
T4
%
76
L4
78
9
80



LISTING OF DECK: CSDS
CARD NO.

81

85

90

5

100

105

110

115

120

100

IF (IPT.NEe=1) GO TO ¢

IPVe0

IF (IX.LT.4) GO TO 1

60 T0 2
IERRe~]1
RETURN
IXleIX-1

00 3 I=1,1X)

ORIGINAL PAGE 1S
OF POOR QUALITY

IF (X(I#1)=X{I).GTo0) GO TO 3

1ERReT+)
RETURN
CONTINUE
NPleIXel
IB1=NP1
182e1B14NP)
183=I82+NPL L
I84=1B3+NPL
185184 +NP]
186=I85+NPL+1
WK(l)=0,
WK(2)=0.
WK(1B2)=0,
WK(IB3)eO,
1JK2=1IB2¢NP1
WK(IJK2)=0,
1JKSeIBSe]
WKLIJKS)e O,
1JK5=1B85+2
WK(IJKS)=0.
YK (186) =0,
IJKS=I85+NPL
WK(IJKS)eO,
CONTINUE

P=0.
HaXx(2)=x(1)
F2e=§
FEo(F(2)=F(1))}/H

IF {IX.LT7.3) 60 10 10

PAGE

81
82
83
84
85
86
87
88
89
90
9
92
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97
98
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101
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104
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108
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116
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116
119
120



LISTING NF DECK: CSDPS
CARD NGO,

121

12%

130

135

140

145

150

155

160

-y

ORIGINAL PAGE IS
OF POOR QUALITY

00 5 l=3,1X

GeH

HsX{I)=X{1=1)

EoFF

FFo(F(I)=F(I=1))/H
COEF(1-15,1V=FF=E

JIN3eIBIe]
WK(1JK3)e(GoH)®,60666666666666T
IIK&sTBG]

NK(IJKG ) mH/3,

TJK2=1B2+]

WK(TJK2Z2)sDF(I=2)/6
WKCE)sDF(TI)/H

T13K1eIB1+]
WK(IJK1)=e=DF{1=1)/6=DF(I=-1)/H
COMTINUE

DO 6 1=3,1IX

IJKIelB1+I

1JK2=182+1

COEF(I=1s2) oW {I)3WK{I)eWK{IIKLISWK(TINL)+UK(TIKZ2)OUK(TIIK2)
COEF(I-193)auWK(I)OoUK(IIK141)CWK{IJKL)ONUK(TIN241)
COFFII-1,4)eWK(I)*WK(IJK2¢2)
CONTINUE

NEXT ITERATIOWV

IF (IX.LT.3) GO TO 10
DO € I=3,1IX
TIK1=]Blel~1

IJrQel-1
WK(IJK1)=FF*WK(IJKO)
1JK2a]B241~2

1JKOal=-2
WK(IJK2)eG*WK(IJKO)
13K0e]

IJk3es]IB3+]
WK(IJKO)m1o/7(P*CREF(I=152)+ WK {JJKI)=FFOUK(TINT)=GCRUK{IJIK2))
JJKSeInsSe+]
JJKNeIJK5=-1
IIKO=TJKN=-1

PAGE

121
122
123
12¢
125
126
r27
128
129
130
131
132
133
134
135
136
137
138
139
140
143
142
143
144
145
146
147
146
149
150
151
152
153
154
155
156
157
158
139
160
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LISTING OF DECK: CSDS
CARD NO.

161

168

170

175

160

185

190

19%

200

102

O =0

11

ORIGINAL PACE
OF POOR QUALTY

WK(IIKS )eCOEF(I~-151=WK{TJKL)SWK (TJIKNI=WK(TIK2)UK(TIIKO)
TIK4=lBee]

FEePSCOEF (=293 )¢WK TJIK4)=HOWK(IIK])

GeH

HeCOEF(I-154)%pP

CONTINUE

DO 9 I=3;IX

JalX=Je3

IINSeIB5+Y

TJK6eIJKS+1

JIKT=]jK6+1

TIK1eIBLey

IJK2e]B824)

WK(TIKS Yo UK (I I 2WK (TIKS )=HK(TJIKLIDSHKITIKOE)=WK{TIK2ISUK(TIKT)
CONTINUE

Ee0

H=Q

COMPUTE U AND ACCUWULATE E

00 11 Ie2,1X

GeH

TJKS=1B5+1

He (WK(TIKS+1)=WK(IJIKSS )7 (X(ID=X(I~1))
IJK6e1B6+]1

WK(IJKO)= (H=G)*DF(I=1)*DF(]~-1)
EsE+WK(IJK6)®(H~G)

CONTINUE

Ge ~HSDF L IX)*DF{IX)

IJK6=3B6+NPL

WK(IJKE) oG

EeE~G®H

6=F2

F2eEePep

IF (F2.GE.SeO0ReF24LEeG) GO TO 14
FFe0,

1JK62]00642

He (WK(TJKG6+1)=uK(IJIKEDD/7(X(2)=X(1))
IF (IY.,LT.3) 60 TO 13

00 12 1=3,1IX

161
162
163
164
165
166
167
168
169
170
n
172
173
174
175
176
.7
178
179
180
181
102
163
184
185
106
187
138
189
190
191
192
193
194
195
196
197
198
199
200



ORIGINAL PAGE g
OF POOR QuaLiTYy

LISTING CF DECKt CSDS PAGE 6
CARD NO.

201 GeH ¢s 201
1JK6eT18641 ¢s 202

Ho (WK(TJIKO+1)=WK(TJIK6DI D7 (X(E)=-X(1I-1)) ¢S 203

1JK1e1B81+1I=1 ¢S 204

205 1JK2e182+1-2 : CS 205
GoH=G-WK(IJIK1IOUK(I~1)~WK(IJIK2)2YK{I=-2) €S 206

FFoFF+G*UK(] )G csS 207

WK (1)e6 cS 208

12 CONTINUE €S 209

210 13 HeE=POoFF €S 210
IF (H.LE.O0) GO TO 14 csS 211

¢ ¢S 212

(s UPDATE THE LAGRANGE MULTIPLIER P €S 213

c FOR THE NEXT TTERATION €S 214

215 ¢ ¢S 215
PePe(S=F2)/((SQRT(S/E)+P)*H) €S 216

G0 10 7 cs 217

c ¢S 218

¢ IF € LESS THAN OR EQUAL TO S» ¢s 219

220 c COMPUTE THE FNEFFICIENTS AND RETURNe CS 220
c cs 221

14 DO 15 I=2,NP1 cs 222

I1IK6s1IB6+] €S 223
COEF(I-1,1)aF(I-1)-P#uKIIJKS) cS 224

225 14KS5e1B5+1 cS 225
COEF(I-153)sWK(IJKS) ¢S 220

15 CONTINUE €S 2¢7

DO 16 Is2,1X ¢S 228

HeX(I)=X{I-1) ¢S 229

230 COEF(I-1,4)s(COEF(T53)=COEF(T=153))7(3.%H) ¢S 230
COES(I-1,2)e(COEF(I51)~COEF(I=1,1))/H~(HeCOEF(I=-1,4)+COEF(1-1,3))0 CS 231

1H ¢S 232

16  CONTINUE cs 233

RETURN €S 234
235 END CS 235~

103



LISTING OF DECK: PCARD

CARD NO.

1

10

1%

20

2%

30

3%

40

104

(2 X2 X2} AOMO O OO O o AOOMNO

(2 X2 X2

(““GNNAL F”“SE “5

PAGE

SUBROUT INE PCARD (IPUNCHsXoYsWsTHETASYSMOsYPS,YPPS,NOSESNP,CHORD, T PH

1ITLE)
ROUTINE TO PUNCH CUTPUT DATA

(TAPE 1 IS PUNCH FILE)

CODED BY == HARRY NORGAN NASAZLARC/TAD/AAB

1982

PH
PH
L&)
PH
PH
PH

DIMENSION TITLE(B), X(1)s Y(1)p W(Ll), THETA(1l)y YSMO{1), YPS(1), Y PH

1PPS(1)

COMHON /HLM/ DX(200)5DY(200),DW(200)

CONMON /BLK1/ PIsPI2sRADsCONS

COMNON /INOUT/ JSREAD» JMRITE»IPRINT

IF (IPUNCHeLE+OoOReJPUNCHeGE«S) RETURN

PUNCH TITLE CARD

WRITE (JWRITE»10) IPUNCHsTITLE
WRITE (1,11) TITLE

DETERNINE OUTPUT PUNCH OPTION

10P=0

IF (IPUNCH.EQe2) 10Pe.
IF (IPUNCH.FQ.3) I0P=2
IF {IPUNCH.EQ.4) 10Pe3
WRITE (JWRITE,12) 10P
XI=FLOAT(1IOP)

WRITE (1,13) X1

PUNCH UPPER SURFACE CUANTITIES

JaKPe

DO 1 I=NO3SEsNP

Jujel

DWid)eN(I)

IF (Wl1)eGToale0) KPeo}

PH
PH
PH
PH
PH
PH
PH
PH
PH
PH
PH
PH
PH
PH
PH
PH
PH
PH
PH
PH
PH
PH
PH
PH
PH
PH
PH
L]
Pd
PH
PH
PH
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ORIGINAL PAGE TC
OF POOR QUALITY

LISTING OF DECKt PCARD

CARD NO.
41

45

50

5%

60

65

g

75

60

OOWw N

IF (10P.EQ.0) DX(J)ex(I)¢CHORD

IF (I0P.NE.O) DX(J)aTHETA(I)*RAD

IF (IOP.EQ.0) DY(J)eYSNO(I)®CHORD

IF (I0P.EQel) DY(J)eYSMOLI)

IF (I0P.EQ.2) DY(J)eYPS(I)

IF (IOP.EQ.3) DY(J)eYPPS(])

CONTINVUE

WRITE (JWRITE,14) J

XIeFLOAT(S)

WRITE (1s15) XI

IF (JOP.EQ.0) WRITE (JWRITE,16) (DX(I)sTel,J)
IF (IOP.NE.O) WRITE (JWRLITES7) (DX(I))Imlsd)
WRITE (JWRITE,17) (DOY(I)sle=l,d)

IF (KP.EQ.1) WRITE (JWRITE»21) (DR(I)s1Iwl,J)
DO 3 I=l,d

IF (10P.NE.O) GO TO 2

IF (DW(1).6T.1.0) MRITE (1,22) DX(I),DY(I),0WLY)
TF (OW(1)olEs1,0) WRITE (1518) DXLI),DY(T)

G0 70 3

IF (DW(I)e6Te1.0) MRITE (158) DX(I),DY(I),DW(I)
IF (DW(I).LE.1.0) WRITE (259) DX{I),DY(])
CNANTINUE

PUNCH LOVWER SURFACE QUANTITIES

JoKP=0

DO & I=1,NOSE

JeJel

KeNOSE+1=]

DW(J)ew(K)

IF (WIK)e6T.1.0) KPel

IF (IOP.EQ.0) DX(J)=X(K)*CHORD
IF (I0P.NE.O) DX(J)oTHETA(K)SRAD
IF (I0P.EQ.0) DY(J)oYSHO(K)®*IHORD
IF (JOP.EQ.1) DY(J)mYSMO(K])

IF (I0P.EQ.2) DY(J)eYPS(K)

IF (JOP.EQ.3) DY(J)=sYPPSIK)

CONT INVE

MRITE (JWRITE,19) J

XIeFLOAT(J)

PAGE

PH
PH
PH
PH
PH
PH
PH
PH
PH
PH
PH
PH
PH
PH
PH
PH
PH
PH
PH
PH
PH
PH
(4]
PH
PH
PH
PH
PH
PH
PH
]
PH
PH
PH
PH
PH
PH
PH
PH
PH
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LISTING OF DECKHs PCARD
CARD NO.

81

85

90

95

100

103

110

115

120

106

[

[z X2 X2 X-J

- B R al [ Xz 2]

10

11
12
13
14
15
16
17
18

ORIGINAL PAGE !..
OF POOR QUALITY

WRITE (1,15) XI

TF (I0P.EQe0) WRITE (JWRITES16) (DX(I)pTel,d)
IF (IOPNE.0) WRITE (JWURITES7) (DX(I)s1Islsd)
WRITE (JURITESL1T) (DY(I)sIsln )

IF (KP.EQ.1) WRITE (JWRITE»21) (DW(I)olwlsd)

00 6 Islsd

IF (I0P.NE,O) 60 TO 5

IF (DWCI).6Te1.0) WRITE (1522) DX(I),0V(X)»DWLY)
IF (DWII)elEsla0) MRITE (1518) DX(I),NYI(I)

GO TO 6

IF (DW(I)e6Tel1.0) WRITE (1,8) DX{X)pDY(I),DWLY)
IF (DW(X)oLEeleO) MWRITE (159) DX(I)pDY(Y)
CONTINUE

PUNCH YLTE AND YUTE

IF (JOP.LE.1) RETURNW

YLTE=YSMO(1)

YNOSEeYSMOINISE)

YUTE=YSMO(NP)

WRITE (JWRITE»20) YLYE,»YNOSE» YUTE
WRITE (1,18) YLTE: YNOSE,YUTE

RETURN TO CALLING PROGRANM
RETURN
FORMAT (/73X 4HTH ©58F1045/7(TXp8F10.5))

FORMLY (F1l0.55F10.65F10.2)
FORMAT (F10.5,F1046)

PAGE

PH
PH
PH
PH
PH
PH
PH
PH
PH
PH
PH
PH
PH
o
PH
PH
PH
PH
PH
PH
PH
PR
PH
PH
PH
PH
PH
PH
PH
PH

FORNAT (1H1510X»36HTHE FGLLOWING DATA MAVE BEEN PUNCHED)S5X, VTHIPUNC PH

1He314/773X58A10)

FORNAT (8a10)

FORMAT (/73XsSHIOP ap]4)

FORRAT (30X»F10.2)

FORMAT (73X, 4HNU =,14)

FORMAT (F10.2)

CORMAT (/3Xp4HDX =p8F10.67(7XpBF10. )}
FORMAT (/3X,64HDY »38Fl0s6/(7Xs08F10,.))
FORMAT (3F10.6)

PH
PH
PH
PR
PH
PH
PH
PH
PH

81
82
a3
84
1
86
87
88
89
90
91
92
93
94
95
9
97
90

100
101
102
103
104
105
106
107
108
109
110
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113
114
113
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116
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LISTING OF DECKs

CARD NO.
121

125

19
20
21
22

ORIGINAL PAGE I3
OF POOR QUALITY

PCARD PAGE &
EORNAT (/73XsAHNL wp14) ‘ PH 121
FORMAT (/3Xs6HYLTE ©»F10e6s5Xs THYNUSE ©5F10,695XpOHYUTE =5F10e6) PK 27

FORMAT (73Xp4HDW o,8F10.2/(7X»8F10.2)) S
FORMAT (2F10.69F10.2) 1 12~

END PH 125~

107



ORIGINAL PAGE 1$
OF POOR QUALITY

LISTING OF DECK: PLOTAF

CARD NO.

1

10

15

20

2%

30

35

40

108

OO & O O [z N & ] OO0

SUBROUTINE PLOTAF (THUTA;YoYSHD»YPSoYPPSs NP TITLE,IPLGY)

THIS RPOUTINE PLOTS INPUT AND SNOOTHED V/C» SMOOTHED YPS, AND
SMOOTHED YPPS VERSUS THETA. ALSD PLOTS INPUT AND SMOOTHED Y/C

VERSUS X/C.
COPED BY == HARRY MORGAN NASA/LARC/TAD/AAB 1982

DINENSION TITLE(B), THETA(1l)» Y(1l)» YSMO(1)» YPS(1)» YPPSI(1)

CORMON ZHLN/Z XI(363)pYI(363),T1(2363)
COMMDN /SHY/ YPSI(363)
COMNON 7BLK1/ P1,PI2,RAD»CONS
COMMON /INOUT/ JREADs JHRITE,IPRINT
DATA NM/361/5S12/e40/751S1273/
SINHIX) = (EXP(X)=EXP{=X))/2¢
INTERPOLATE NM SMOOTHED COORDINATES Y/C ANO YPS VALUES

YRAX=0,0
OPs(THETA(NP)=THETA(1) ) /FLOAT (NN~1)
YPsTHETA(Y)=DP

H=?2

D0 5 IeslsNM

YPsYP4DP

IF (YP.LT.THETA(1)) YPeTHETA(L)

IF (YP.GT.THETA(NP)) YPeTHETA(NP)
TI(I)eYP*RAD

IF (MelTo2) NMs2

TP=ABS(YP)

IfF (TP.LE.PI2) 60 TO 1
YI(I)eCONS®(ATAN(SINH(TP=PI2))+1.)
60 TO 2

XI(Y)oCONS®(1.~COS(TP))

DO 3 KsMeNP

PAGE

ODONO NS WM

33
36
37
36
39
40
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OF POOR QUALITY

LISTING OF DECKs PLOTAF

CARD NO.

41

45

50

5%

60

65

70

75

80

[ X2 W RX.

*rOHOD

(e X2 X 21

JeK=-1

IF (YPoGESTHETA(JI)eANDYP.LE.THETACK)) GO TO 4
CONTINUE

Me

DELTATHETA(S¢1)=THETA YY)

X2sTHETA(J¢1l)~YP

(LeYP=THETA(S)

PAGE

YI(T)aYPPS(J)@(X2083/(642DELTA)=X2¢DELTA/ 64 )+YPPS {0l )0(X18%3/ (6% PF

IDELTA)=X18DELTA/64 )L YSNO(J)*X24YSMO(I+15%X1) /DELTA

YPSICI)»VPPSLJ)®LDELTAZGo~X2" 42/12.,#DELTA) ) +YPPS{Jel )0 {X10X1/{2.%D PF

LELTA)-DELTAZO6L, ) (YSHO(J+L) =0 {0(J))/DELTA
IF (ABS.YI(I))eGEQYMAX) YMAX®ABS(YI(I))
CONTINUE

PRINT INTERPOLATED Y/C~COORDINATES

IF (IPRINT.NE.O) GO TO 6
WRITE (JWRITE,15) TITLE
WRITE (JURITE»16) (1sTIILisXTU2),YIIR), 02, NN)

DETERMINE SCALING FACTOR FOR Y/C AXIS

YSCALE=O,)

IF (YSAX.LE.O0.06) YSCALE®O,01

IF L(YRAXaGTo0.06) s ANDe(YMNAX,LE.O0-12)) YSCALE=Q,02
IP (UYMAX.GTe0612) e AND{YMAXLE 0.24)) YSCALE®D,.04
IF ((YMAX.GT40426)AND (YMAX,LEL0430)) YSCALERQ.OS
YMINe=6,%YSCALE

YSAVeYSCALE

CRAW AND LABEL Y/C AND THETA AXIS

IF (IPLOT.EQ.2) 60 TO 11

CALL CALPLY (2.51¢.~3}

CALL NOTATE {0620:0SI2oTITLESO.p80)

CALL AXES (0.52020093609=1800910497=20210510HTHETASDEGe»S1:5~10,0)
CALL AXES (0 .1202904512,0YNIN)YSCALES»=1¢9p0sp3HY/C»S51253,2)

CALL NOTATE ' 4051302904225 0¢9~1)

CALL NOTATE 5056012499512, 0HSHNODTHED»Oss M)

CALL NOTATE (140013475449 350es~1)

41
42
43

45
46
7
48
49
50

52
53
54
5%
56
57
58
59
60
61
62
63
66
65
66
67
68
69
70
Tl
72
73
74
75
76

78

79
80

109
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LISTING OF DECK: PLOTAF

CARD NO.

o1

25

90

9%

100

10%

110

115

120

1

M [z X Nal

[a Xz Kn

[as Xal

CALL NOTATE (165513455 SI2,5HINPUT0453)
CALL CALPLT (0e98es=-3)

PLOT INPUT Y/C~COORODINATES VS THETA

00 7 I=1,NP
TPoTHETA(LI)®RAD/104418,0
YP=Y(1) 7YSCALE

CALL PNTPLT (TPsYP»221IS12)
CONTINUE

PLOT SMOOTHED Y/7C~COORDINATES VS THETA

TI(NNe]1)=~-180.0
TI(NNe2)e10,0

YI(NN+1)eO,

YI{NM+2)sYSCALE

CALL LINE (TIsYI;NM»1509050.)

DETERMINE SCALING FACTOR FOR FIRST DFRIVATIVE AXIS (YP AXIS)

YNAXe0,0

D0 B IelsNM

IF (ABS{YPSI(IN)eGTYNAX) YNAX®ABS(YPSI{T))
CONTINUE

CSCALEs,1

IF ((YRAXLE.0.30)AND(YPMAX,5T.0.24)) CSCALES,05
IF C(YMAX.LE.0.24).AND . (YRAX.6T7.0.12)) CSCALEe,06
IF ((YMAX.LE.0e12)eAND o (YMAXGT<0.06)) CSCALE=.02
IF C((YNAX.LEL0.06).AND.(YNAX,GE.0,00)) CSCALE=,0L
CMINe-6,¢CSCALE

DETERMINE SCALING FACTOR FOR SECOND DERIVATIVE AXIS (YPP AXIS)

YHAX=0,0

00 9 le1,NP

IF (ABSCYPPSCI))eGToYMAX) YMAXeADS(YPPS(I))

CONT INU®

YSCALE!I.

IF ((YNAX.LE.3.00)oAND(YMAX,GTo2401) YSCALES,S

PAGE

PF
PF
PF

43
PF
PF
PF
PF
PF
PF
PF
PF
PF
PF
PF
PF
PP
PF
44
PF
PF
PF
PF
PF
PF
PF
PF
PF
PF
PF
PF
PF
PF
PF
PF
PF
PF
PF
PF

a1
82
83
84
85
]
07

34
90
921
92
93
%
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
113
116
117
118
119
120



ORIGINAL PAGE 1S
OF POOR QUALITY

LISTING OF DECK: PLOTAF

CARD NO,

121

125

130

135

140

145

150

155

160

[a N o X2l

[a Xz Xx]

[aXaXe]

IF ((YMAXQLEW2440)oAND(YNAXeGTo1420)) YSCALEs.4
IF CC(YMAX.LEC1420)AND{YNAX,GTo0s60)) YSCALES,2
IF ((YMAX.LE.O0.30).AND.(YNAX.GT.0.24)) YSCALE=,0S
IF C((YMAXLE.D0.24).AND. (YHAX.6T,0.12)) YSCALE=,04
IF ((YPAX.LE.D.12)eAND . (YNAX.GYo,0.06)) YSCALEwR,02
IF ((YMAX.LE.0.06).AND.(YMAX.GE.0.00)) YSCALE=,01
YNINe-6,8YSCALE

DRAW AND LABEL YP, YPP, AND THETA AXIS
CALL CALPLT (Q.s8a0-3)

CALL AXES (0090.900:53649-180091005-2.51.910HTHETASDEG.s»S1Z5-1050)

ORAW AND LABEL YPS AXES

CALL AXES (0.50:990091209CHINSCSCALES=1450093HYPS»SI25352)

ORAW AND LABEL YPPS AXES

CALL AXES (3605000900912 9YMINSYSCALEs=10ep0op®HYPPSyS175=452)

CALL NOTATE (140511015045350.5-1)

CALL NOTATE (1e5510,9»SIZ54HYPPS,0494)
CALL NOTATE (1.0011:79¢%525,0.9-1)

CALL NOTATE (16551165,S1Z53HYPS,0653)
CALL CALPLT (0osbes=3)

PLOT SMOOTHED FIRST DERIVATIVES YP VS THFTA

YPSI(NM+1)e0,.0
YPSI(NM+2)eCSCALE
CALL LINE (TI,VYPSIeliMs1»05050.)

PLOT SMOOTHED SECOND DERIVATIVES YPP VS THMETA

THETA(NP+]1)e-pP]
THETA(RP+2)910. /RAD
YPPS(NP+1)e0.0

YPPS (NP +2)eYSCALE

CALL LINE (THETA,YPPSsNPs1505050,)
00 10 I=1,N°®
TPeTHETA(I)®RAD/10.¢18,0
YPeYPPS (I V/YSCALE

CALL PNTPLT (TP,YP»22515112)

PAGE

PF
PF
PF
PF
PF
PF
PF
PF
PF
PF
PF
PF
PF
PF
PF

PF
PF
PF
PF
PE
PF
PF
PF
PF
PF
PF
PF
PF
PF
PF
PF
PF
42
PF
PF
PF
PF
PF
PF

121
122
123
12¢
125
126
127
120
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
164
145
146
147
148
149
150
151
152
153

1Ra

155
156
157
158
159
160
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LISYING OF DECK: PLPTAF

CARD NO.

161

165

170

175

180

185

190

19%

200

12

10

[ 2aXaly]

s XaRaXaNal

OO

CONTINUE
CALL NFRANE
CHECK PLIT OPYION
IF (IPLOT.EQ.1.0R.IPLOY.EQe. RETURN
IF (IPLOT.EQ.8) RETURN

DETERMINE SCALING FACTOR FOR Y/C AXIS

IF (YSAV.EQ.0.01) YNAXeO
IF (YSAVeEQe0e02) YHAXe12
IF (YSAV.EQ.0.04) YMAX=20
IF (YSAV.E0.0.05) YMAXe24
YRINe~0.01250YNAX

PLOT INPUT AND SHOOTHED Y/C-COORDINATES VS X/C
ORANV AND LABEL Y/C AND X/C AXIS

CALL CALPLY (2e2249~=3)

CALL NOTATE (0.50.»SIZ2,TITLESO.580)

CALL CALPLY (0es2400=3)

CALL AXES (Ue90¢9002840¢900re0255=2051epIUNIC»STIT5~352)
CALL AYES (002000900 sYNAX s YNING0e0259=209014903HYIC»S1253,2)
YPaYMAX=0,9

CALL NOTATE (1,05YP»S125250es~-1)

YPsYHAX~-1.1

CALL NOTATE (1.5,YP»SIZ,RHSNOOTHEDSO4p 8)

YPeYNAX=,3

CALL NOTATE (1,05YP3SI253504s~1)

YPeVYMAX-,S

CALL NOTATE (1e5pYPpSIZySHINPUT,0.55)

YPe0.5¢YMAX

CALL CALPLT (0o YPyr=3)

PLOT INPUT Y/C~COORDINATES

00 i& Iel,NP

TPeABS(THETA(I))

IF (TP.LE.PI2) 60 TO 12
APaCONSO(ATANISINRITP=PI2))+1.)/.025

43
PF
PF
PF
PF
PF
PF
PF
PF
PF
PF
PF
PF
PF
PF
PF
PF
PF
PF
PF
PF
PF
F
PF
PF
PF
PF
PF
PF
PF
PF
PF
PF
PF
PF
PF
PF
PF
PF
PF

181
162
163
164
165
166
167
168
169
170
m
172
173
174
175
176
177
178
179
180
181
182
163
184
185
186
187
168
189
190
191
192
193
194
195
19¢
197
198
199
200



LISTING OF BECK: PLOTAF

CARD NO.
201

20%

210

215

220

12
13

14

EXa N s Na X8

ORIGINAL PAGE IS

OF POOR QUALITY pacE

60 70 13 PF
XPaCONS®({1.-COS(TP))/.025 PF
YPav{1)7.02% PF
CALL PNTPLT (XPyYP»22+1512) PF
CONTINUE PF
PF

PLOT SMOOTHED Y/C-COORDINATES PF

PF

XT(NN+]1)eYI(NN+1)e0,.0 PE
XZINN42)eYI(NN42)=,025 PF
CALL LENE (XI-YIshN5150,050.) PF
CALL NFRAME PF
PF

RETURN TO CALLING PROGRAN PF

PF

RETURN PF
PF

ENRMAT (1HLs 1 THTITLE==5 2N 3 8AL0/ 769X 2 0H==INTERPOLATED COORDINATE PF
1S==/10Xp1HI» 3o SHTHETA»5Xp INK/Co TN, IHY/Co 12X 5 1HT 5 3Xs SHTHETA9 5X s IHX PF
2/CTX93HYICo 12N IHY » 3N s SHTHETAL SN IHX/Cs» TX, 3IHYICY ) PF
FORNAY (3(7Xs1%5F80252F10,0)) PF
END PF

201
202
203

205
206
207
2068
209
210
211
212
213
214
2315
216
217
218
219
220
221
222~

i3
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LISTING OF DECKs PLOTIX

CARD NO.

1

10

15

25

30

3%

40

na

O OO0

OO O

SUBROQUTINE PLOTCK (THETASYSHO,YPS,YPPS,NP, TITLE)

ROUTINE TO PLOT SQUARE ROOT OF SMOOTHED CURVATURE VERSUS THETA
CODED BY —— HARRY MORGAN NASA/LARC/TAD/AAS 1982

DINENSION THETA(Ll), YSMO(1)» YPS(1), YPPS(1), TITLE(S)

COMNON /HLN/ TIt(723)

COMMON /SMY/ CURV(T723)

CONNON /8LK17 PI,PI2,RAD)CONS
COMMONR 7INGUT/ JREADs JURITEH,IPRINT

DATA NN/T721758127.40451S32/73/

SINH(X) 20, 5% (EXPIX)=EXP{=X))
COSHIX) =0 . SH{EXP(X)+EXPI-X))

INTERPOLATE NR CURVATURE POINTS

IF (JPRINT.NE.O) 6O TO 1

WRITE (JURITEH15) TITLE
OPe{THETAINP)-THETA (1) }/FLDAT(NN-]))
TOEL=THETALL)=DP

Me2

00 & JelyNM

TOELSTOEL +DP

IF (TOEL.LT.THETACL)) TDELeTHETA(L)
IF (TODEL.GT.THETAINP)) TOELeTHETA(NP)
TIC(I)aTOELS®RAD

TPeTOEL

IF (ML T.2) He2

DO 2 KsNpNP

Jok-1

TF (TP.GE.THETAUJ)oAND TP LEL.THETALK)) 60 TO 3
CONTINUE

He)

DELTASTHETA(I*1)=-THETALI)
T2oTHETAL(J+1)~TP

T1sTP=-THETALYS)

PAGE

4]
*C
rC
PC
PC
PC
PC
PC
PC
PC
PC
pC
PC
PC
pC
PC
PC
PC
PC
pC
PC
PC
PC
PC
PC
PC
PC
PC
147
4]
PC
PC

rc
PC
Pe
PC
PC
4™
rC

OO VILWNE
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LISTING OF DECK: PLOTCK

CARD NO.

41

45

50

60

(1]

70

75

80

OO

PAGE

YIaYPPS(J)9 V28037 (6, 0DELTA)I-T2CDELTA/E,)eYPPS(I+1)0(T1003/(6.¢DEL PC

1TA)=TIODELTA/ 60 ) o (YSND({J)*T26YSPO(J+1)STL)/DELTA

YPIaYPPSUJ)® (DELTAZG.~T28T2/(2.*DELTA) ) +YPPSLI+LI#(TLI*T1/(2.#DELTA PC
P

1)=DELTA/6.)+(YSHOCLJI+L)=~YSNOCJI)I/DELTA
YPPIalYPPS(J)*T24YPPS(JI#1)¢ 1) /DELTA
DELTAeYP]

IF (TP.LE.O0.0) DELTA==DELTA
TPeABSITP)

IF (TP.GT.PI2) 60 TO 4
GPsCONS*SIN(TP)

GPPeCONS*COS(TP)

XIaCONS*{1.~COS(TP)})

GO 70 5

T1eCOSH(TP=P12)

T2eSINH{TP=PI2)

XIsCONS®(ATANIT2)¢1.)

GPeCONS /T

GPPe-CONS®T2/(T10T1)

IF (TPelE+0.040Re6PeEQe0s0) GO TO 6
OYDX=DELTA/GP

DY2DX=( YPPISGP-DELTASGPP) /(GP923)
CURVII) =ABS({DY2DX)/(SQART(1,4+0YDXSe2)0e53)
G0 7O 7

0YDX=0.1€99

0Y20X=0,1E99

CURVII)=CONS/ (DELTASDELTA)

IF (IPRINT.NE.O) GO TO O

WRITE (JVRITES16) IsTIC(INeXIpYIoYPIoYPPToDYDXsDY2DX, CURVII)
CURV(E) eSQRT(CURVII))

DETERNINE SCALING FACTOR FOR CURVATURE AXES

CMAX=0,0

D0 9 Ie1,NN

IF (CURVII}I.GY.CHAX) CHAX=CURVI(I)
CONT INVE

NeIFIX(CMAX)+]

CMAX=FLOAT(N) /20,

ORAV AND LAREL CURVATURE AND THETA AXES

PC

¢
PC
PC
PC
PC
PC
PC
4]
PC
PC
rC
PC
PC

61
42
43
44
45
46
47
48
49
50
51
52
53
56
5%
56
57
58
59
60
61
62
63
64
65
66
67
68
69

7
T2
73
74
7%
76
7
70
79
80

15



LISTING OF DECK: PLOTCK

CARD NO.
LD}

]

90

93

100

105

110

115

120

116

[z X2 X4 )

SO0

10

83

12
13

CALL GRIOCK

CALL CALPLY (2.0240~3)

CALL NOTATE (0.904sSI2sTITLE»Oer»80)
CALL CALPLY (0.s2.0~3)

CRIGINAL PAGE IS
OF POOR QUALITY

PAGE

CALL AXES (0020090003609 =180021009=2¢510910HTHETASDEGe»SI2,~1050) PC
CALL AXES (0e500990052005005CHAXs=24510913HSORTICURVATURE)»SIZ,15, PC

12) :g
PLOT INTERPOLATED CURVATURE POINTS Pg

4

TI(NMe+1)e-180.0 PC
CURVINN+1)20,0 PC
TI(NM+2)m10. PC
CURVINM+2)eCRAX [
CALL LINE (TI,CURVsNNs150505,040) Pg
P
COMPUTE AND PLOT CURVATURE AT INPUT THETA PDINTS [ 44
PC

00 14 I=1,NP [ {4
DELTA=YPS(]) [ {4
IF (THETA(I).LE.O0.0) DELTAe=DELTA PC
TP=sABS{THETA(I)) PC
IF (TPo6T.PI2) GD TO 10 D
GPesCONS*SINITP) Pe
GPPsCONS*COS(TP) PC
G0 T0 11 ({4
T1=sCOSH{TP-P12) PC
T2sSINN(TP=P12) PC
GP=CONS/T1 ({4
GPPe-CONS®T2/(T1eT1) [ 4
IF (TPoLE«0.040ReGP.EQ+0.,0) 60 TD 12 rc
DYDX=DELTA/GP PC
OY2DXelYPPSLI)SGP-DELTASGPP)/ (GPS#)) rc
T1eABS(DY20X)7(SQRT (1. ¢DYDX®¢2)0¢3) PC
60 70 13 PC
T1=CONS/C(DELTA®DELTA) eC
T2oTHETA(I)*RAD/10,418.0 PC
T1esSQRT(T1)/7CNAX [ {4
CALL PNTPLT (T2,T1,22,1512) PC

81
82
83
84
85
86
87
(1
89
90
9
92
93
9%
95
9
97
]
9%
100
101
102
103
104
105
106
107
108
109
110
1
112
113
114
115
116
117
118
119
120



LISTING OF DECK: PLOTCK

CARD ND.
121

125

130

IO

[ada Xl

16

ORIGINAL PAGE IS
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PAGE

CONTINVE :g
ADVANCE TO NEXT FRAME AND RETURN :5
CALL NFRANE LA
RE TURN pC
PC

PC

FORAAT (1HLp1Xp THTITLE=~»2X»BA10//36Xy 26H-~INTERPOLATED CURVATURE- PC
1=/73Xs1HT g 6Xs SHTHETA» 5X5 IHX/Co Th5 3HY/Co 6X 9 SHDY DT, 5X, 6HDY2/DT»7Xs 5H PC
20Y/70Xs7Xs 1IHD(DY/DX) FDXs5X9 OHCURVATURE /) rc
FORMAY (I55F10.294F10.693E15.6) PC
END fC

121
122
123
124
125
126
127
128
129
130
131
132
133~

7



LISTING OF DECKs CAMTK
CARD NG.

1

10

15

20

25

30

3s

%0

118

“ OMNHHON

OO0 O o (2]

OO

N

ORIGINAL PAGE IS
OF POOR QUALITY

SUBROUTINE CANTK (THETA,YSMO, YPPS,NOSEsNPEPS»KPLOT, IPUNCH,TITLE?

THIS SUBROUTINE CONPUTES THE THICKNESS AND CANBER DISTRIBUTIONS
OF THE SPOOTHED AIRFOIL

CODED 8Y -- HARRY MORGAN NASA/LARC/TAD/AAB 1962
DIMENSION TITLE(8)s THETA(1l), YSMO(1), YPPSI(1)

COMMON /SUY/ TU(100)s YPPULL100),TLL100),»YPPLI100),DYXU(100),LX(101)
19XLS(101),YLS(201) 5 TH{202),XU{102),YUT102),XL(202),¥LE102)5XCL103)
2oYC(103)sTK(103)

COMMON /BLKL/ PIsPI25RADs CONS
COMMON /INOUT/ JREAD»JWRITE,IPRINT
DATA NWN720017+S127.407921812/3/

COSH(X2 a0 5¢(EXPIX)+EXP(=X))
SINH(X) =D S*(EXPIXI=EXP(=X))

FUX1pN25X3pXbp X55X65XT5 X8 XQ) X1 H(XFENI=XEEXB Y4 X2(NHGEX T=-X4EXT) +X3
1% (X42X8=X5¢X7)

LOAD THETA, X/C» Y/Cs AND SECOND DERIVATIJVES INTO SEPARATE
ARRAYS FOR UPPER AND LOWER SURFACES

3=0

NUaNP-NOSE+1

D0 2 I+NOSEsNP

Jujel

TULI)=THETA(I)
YU(J)=YSNO(T)
TP=ABS(THETA(]))

IF (TP.6T.PI2) G0 TO 1
XU(J)=CONS*({1,~COS(TP))
60 TO 2
XUCJ)=CONS*(ATAN(SINH(TP~PI2) ) ¢1.)
YPPULJ)aYPPS(])

PAGE

cK
X
€K
cX
K
X
X
cK
K
cX
1o
cx
€K
K
€K
cX
CK
113
cK
cX
CK
(4.3
K
(o
cx
cK
K
cK
X
cx
€K
€K
€KX
4
cK
cK
(1.4
cx
CK
K
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LISTING OF DECK: CAMTK

CARD NO.

41

45

50

55

60

65

70

75

a0

Do w

OO »

ORIGINAL PAGE IS
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PAGE

NL=NOS:Z cK
JoNQOSE+1 Ccx
DO 4 Ie1,NOSE K
JsJ-1 cK
TL{J)=THETALL) cK
YL{J)=YSHO(]) X
TP=ABS(THETALI)) X
If (TP,GT.PI2) 60 TO 3 K
XL(J)=CONS*(1e~COSITP)) K
GO TO ¢ €K
XLCJ)oCONS*(ATANCSINHLTP=-PI2) )¢1.) CK
YPPLUJ)eYPPS(]) CcK
COMPUTE FIRST DERIVATIVES OF UPPER SURFACE (4

D0 5 I=s24NU CcK
DELTASTULI)-TUL1=1) K
DYXUCT) oYPPULI)SDELTA/3¢¢YPPUCI=1)*DELTA/64+(YULI)=YU(I~1))/DELTA CK
IF (TULI)LLELPI2) DYXULI)=DYXU(E)/(CONSESINITUITI)) cK
IF (TUCT).GT.PI2) DYXULI)=DYXU(I)SCOSHITUIT)=PI2) /CONS 4§
CONT INUE (43
OYXU(1) =0.1€E99 g:
COMPUTE TMICKNESS AND CAMBER DISTRIBUTIONS B8Y FINDING LOWER (44
SURFACE COORDINATE (XLS,YLS) CORRESPONDING TO INPUT UPPER €x
SURFACE COORDINATE (XU,YV) gK

K

NY=0 cK
KSAVEw1 4.4
NSe1 K
NLi=NL-1 cK
NM1esNM-] cx
AlePI/FLOATINNY) cK
DEL=1./ (FLOATINNL)*#2) K
00 12 Is=1,NU cx
LOAD XU AND YU K

TdeNU+1 -1 CK
XXUsXU(IJ) K
YYUeYU(1J) Cx
DYUeDYXU(LS) K
NN=1 tx
FIND XxLS cK

41
42
43
46
45
46
47
40
49
30
s1
52
53
54
%5
55
57
5%
59
60
61
62
63
64
65
66
67
1]
69
70
n
72
73
74
75
76
77
70
”
80

nm.



ORIGINAL PAGE IS
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LISTING OF DECKs CANTK PARE 3
CARD NO,

81 DO 9 KeNS,NAR (4 S}

TPoALSFELOAT(NR=K ) tx 82

IF (K.EQ.1) TPeABS{TL(NL)) tx o3

IF (K EQ.NM) TPeABS(TL(1)) cR 64

.1 ) IF (TP.LE.PI2) XXLCONS*(1,=COS(TP)) tk oS

IF (TP.GT.PI2) XXLeCONS*(ATAN(SINH{TP=PT2))41,} CK ©bo

IF (NN, EQ.NL) NN«NL) tx o7

D0 6 JoNN,NL1 Cx 8o

J2eNL~¢ 14 S 1

90 Jled2el cx 9

IF (TP GEABSITL(S2))oAND TPoLEABS(TLEILY)) 60 TD 7 tk 91

6 CONTINUE ex 92

L4 DELTA=TL(J2)=TL(J4)) €k 93

Tle=TP=TL(J1) Kk 04

95 T2eTLIJ2) +TP Ck 95

YYLeYPPLEJ1)#(T2883/7(6,*DELTA)=T2%DELTA/64)YPPLLI2)®(T1#43/(06.*DE CK 9b

ILTAY-T18DELTAZ6.)¢(YLLJ1)®T24YL(JI2)3TL)/DELTA ek o7

DYLoYPPLIJL)S(DELTAZG0=T20T2/7(2,9CELTA) ) VPPLI{J2VS(TI#TI/(2.#DELTA CK 98

1)=DELTAZ64)e(YL{J2)=YLLJ1) ) JOELTA 14 S L

100 IF (TP.LELPI2) DELTACONS*SINITP) ¢x 100

IF (TP, GT4PI2) DELTASCONS/COSHITP-PI2) ¢k 101

IF (TP.LE.0.D) DYL=0,1E99 tx 102

IF (TP.GT.0.0) DYLe-DYL/DELTA tx 103

NNesNL+1=J1 CK 104

105 DeSORT{ {XXL=XXU)*$24(YYL=-YYU)**2) ¢K 105

IF (1.EQ.1.ANDoDoLELDEL) 60 TO 10 Cx 1008

IF (D.LE.DEL) GO TO 9 CK 10?7

COSTe({¥YYU=YYL)/D Cx 106

SINT{XXL~-XXU)/D CK 109

110 IF (DYUJNE.0.1E99) DUs(COSTSDYU=SINT)/7{SINT*OYU+COST) X 110

IF (DYU.EQ.0+1E99,AND-SINT.NE.0,0) DU=COST/SINT €k 111

IF (OYL .NE,0.1€E99) DLe=(COSTODYL-SINTIZ/{SINTSDYLACOST) tx 133

IF (DYL.EQeO0.1E99.ANDSINT NE,OeO) DLo=~COST/SINT CK 114

115 IF (DYL.EQ.0.1E99.,AND+SINT.EQ,0.0) DL=~0,1E99 cK 119

IF (XK.EQ.NS) GO TO © €K 116

DKL= {DL=DLP)/ (XXL=XP) cK 1317

DKU= (DU=DUP}/ (XXL=XP) ¢k 118

IF (DKU.EQ.DKL) GO TD © ¢x 119

120 XKaXP+{OLP=DUP)/ (DKU=DKL) tx 120

120
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CARD NO,

121 IF (XKGLEJXP+DELoANDoXKoGE+XXL=DEL) 60 TO 11 ¢k 121

e KSAVEeK Cx 122

XpexXxL €Kk 123

DUP= DU CK 124

125 OLPeDL CK 125

9 CONTINUE CK 126

IF (I.6T.1} GO TO 12 CK 127

10 XXeXL(NL) CK 128

KSAVEsNS €K 129

130 11 NTaNT+] €K 130

LX(:T)ely Cx 131

XLS .NT)sXK €K 132

NSeKSAVE . €K 133

12 CONTINUE CVr. 134

135 c COMPUTE YLS FOR EACH XLS AND PRINT RESULTS €K 135

WRITE (JWRITE,44) TITLE €K 13¢

00 19 Tal,NT €K 137

I3=LX(1) CK 138

DELTAeXLS(I) €K 139

140 IF (PELTA.GT.1e) DELTA=], CK 140

IF (DELTA.LE.CONS) GO TO 13 CK 141

DELTA=TAN(DELTA/CONS=-1.) CK 142

TPoPI2+ALOG(DELTA+SQRT (DELTA®DELTA+L,.)) CK 143

G0 7O 14 CK 144

145 13 TPeACDS (1.~-DELTA/CONS) CK 145

14 D0 15 J=1,NLL CK 146

J2eNL=-J CK 147

Jled2¢1 CK 148

IF (TPaGEJABSITLIJ2))oANDTPoLECABS(TLLS1))) 6O TO 16 CK 149

150 15 CONTINUE €K 150

16 DELTA=TL(J2)-TL(J1) cX 1351

T1le=-TP=TL{J1) CK 152

T2aTL(J2) +TP CK 153

YYLaYPPL(J1)8(T2083/(6.,%DELTA)=T20DELTA/6.)+YPPLIJ2)S(T1883/(6.,%DE CK 154

155 ILTA)=T1ODELTAZ 60 )¢ (YL(JLIOT24YL(J2)8T1) /DELTA CK 155

YLS(T)eYYL CK 156

XCCIDo(XU(TJI*XLS(T)) /24 CK 157

YC(I)=(YU(TJIevYL) /2, €K 158

TK(I)=0.5¢SQRT{(XU(IJ)=XLS(]))082¢(YU(TJ)=YYL)®42) CK 15¢

160 IF (YUCTJ).EQ.YYL) TH{I)=0,0 CK 160

12l



LISTING OF DECK: CAFTK

CARD NC.
161

165

170

175

180

1688

190

195

200

122

20

ORIGINAL PAGE I8
OF POOR QUALITY

PAGE

IF CYULTIDOMELYYL) THII)eATANCIXLS(I)-XUCTIN)Z(YUL(TI)=-YYL)) e
1F (TX(I).LE.0.0) GO TO 17 (43
OYLeYPPL(JIIS(DNELTIZ6,=T20T2/ (2., %DELTA))¢YPPLIJ2)IS(TI*T1/{2.#DELTA CK
1)=DELTAZ6.)4LYLII2)=YLEJ1))/DELTA cK
IF (TP.LE.PI2) DELTA=CONSPSIN(TP) tx
IF (TP.GT.PI2) DELTACCONS/COSH(TP=PI2) €K
IF (TPoLE.0.0) DYL®0.1E99. cK
IF (TPeGT.0.0) DYLa=D 'L/DELTA tX
COSTa(YULTIJII=YYL)/(2.3TK(I)) ]
SINTo(XLS(I)=XU(ZJ))/(2:,¥TK(I)) (44
ou-(cosrtovxucxii-sxut)/Jsxnroovxucx@:ocﬂ;tn cK
DL&(COSTEDYL=SINT)Z{SINTODYL4COST) . cX
T2«ABS{ABS{DUY~ABSIDL)) ! ! cK
69 T0 18 \ ; cr
12000 K { oK
T1sTH(I)*RAD g ! cK
WRITE (JWRITES45) IoXUCTS)oYULTIIoXLS(IDpYYLoXCOT)YCCI) o TK(TI)»T1s CK
172 : (43
CONYINUE ) 43
‘ {3

COMPUTE STARTING LOCATION OF CAMBEP DISTRIAUTION (I.E. €K
THICKNESS = 03 BY FETTING SECOND QORDER CURVE TO LAST THREE €K
COMPUTED CAMBER LINE COORDINATES 'AND THEN DETERMINING cK
INTERSECTION OF THAT CURVE WITH AIRFOIL SURFACE 43

‘ ' 43

ISYMaY ' cK
DO 20 1s1,% €K
IF CABS(XUCTI=XLCI)ILGTLEPS) ISYMeO cK
IF (ABSIYU{I)+YL(I)).GT.EPS) ISYNeO cK
CONTINUE : cK
IF (ISYM.EQel) GO TO 30 ' cK
IF (XCONT).LE.DEL} 6O TO 31 3
K1aXC(NT)®82 ! cK
X2eXC(NT=1)8%2 cK
X3aXCINT-2)9%2 ' cK
D CU{X1o XCUINT)plapX2oXCINT=1)51er X3 pXCINT=2)p10) (43
ALSF(YCINT)sXCINT)»1as YCINT=1)s XCOINT=1)916p YCINT=2),XCINT=2),14)70 CK
A2¢F (X1 YCINT) 520 X2, YCINT=1)510o5X3sVYCINT=2)514)/D €K
A3eYCINT)=al®X1=A2%XC(NT) cK
NM1eNE/ & cx

161
162
163
164
165
166
167
168
169
170
171
172
173
74
ATS
1%
172
178
179
160
181
182
183
186
185
186
187
188
189
190
191
192
193
194
195
19¢
197
196
199
200
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CARD NO,

201 DeXC(NT)/FLOAT(NML) CKk 201

X=0,0 K 202

XPeX CK 203

YYUPeYU(1l) CK 204

20% YYLPeYL(Y) CK 205

YYCPa(AL®X+A2)0X+A2 CK 206

NMileNM]+] cK 207

D0 27 Je2,NM1 CK 208

X=aX+D CK 209

210 IF (X.GT.CONS) 60 TO 27 cx 210

TPeACOS(1,=X/CONS) CK 211

DO 21 Ke2,NU CK 212

KlsK-1 CK 213

K2=K cK 214

215 IF (TPoGE.TU(KL)oANDLTP.LE.TU(K2)) GO TO 22 CK 215

21 CONTINUE cK 21¢

22 DELTASTU(K2)-TU(KL) CK 217

TlesTP-TU(K1) CK 218

T2eTUIK2)=TP CK 219

220 TYUsYPPUCKL)IS(T2983/(6.SDELTA)=~T2®DELTA/6.)+YPPU(K2) @, 71943/(6.*DE CK 220

ILTAY=TICDELTAZ60 )¢+ IYUIK2)®TLIOYU(K]}®T2) /DELTA CcK 221

0C 22 Je2,NL CK 222

J2aj=1 CK 223

Jlsy Ck 224

225 IF (TPoGE.ABSITL(J2))eANDoTPoLECABS(TLISY))) 60 YO 24 CK 225

23 CONTINUE CK 226

24 DELTA=TLIJ2)=TL(J1) cK 227

Tle=TP-TL(J1) cK 228

T2sTLLJ2)+TP CK 229

230 YYLeYPPLIJL)®(T2%83/7(6%DELTA)=T28DELTA/64)4YPPLIS2)#(T1643/(0,*DE CK 230

ILTA)=T1SDELTAZO)¢(YL{J1)eT2+YL(J2)*T1)/DELTA CK 23}

YYCu(ALSXeA2)6X4¢A3 €K 232

DKCes(YYC~YYCP)/ (X=XP) CK 233

DKUs {YYU=-YYUD )}/ (X=XP) CK 234

235 IF (DKU.EQ.OKC) GO YO 235 CK 235

UKV XPS (YYCP=~YYUP) /7 (ODKU=-DKC) CK 230

IF (XKU GE.XPoANDoXKUsLEeX) 60 TO 28 K 237

23 DKL= (YYL=YYLP )/ (X=XP) CK 238

IF (DKL.FQ.DKC) GO TO 26 €K 239

240 XKLaxpe{ vTP=YYLP)/ (DKL=-DKC) CK 240

123



LISTING OF DECKs CAMTK
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241

245

2%0

255

260

265

270

275

280

124

26

27
26

29

ORIGINAL PAGE IS
OF POOR QUALITY

PAGE
IF (XKL oGEoXPLANDXKL.LESX) GO TO 29 cX
XPpeoX (44
YYLPaYYL cK
YYUPeYYUV (44
YYCPsYYC cK
CONTINUE cK
60 Y0 31 €K
NTeNTel cK
LXI(NT)eO CcK
XLS(NT)=aXKU cK
XCINT)e XKUY cK
DU (ALIOXKU+A2 ) XKU+AS cK
TKI{NT)eO. K
THINTIeATAN( 2. ALSXKU+A2) cK
TPeaACOS (1 .~XKU/CONS) cK
DELTA=TUIK2)=TU(K]1) CcK
T1eTP=-TU(K1) CK
T2=TU(K2)=TP tK
YYU=sYPPULKL)®{T2883/C6.,*DELTA)=T2#DELTA/6.)+YPPULK2)S(T1%83/(06.*DE CK
ILTA)-TIS®DELTA/6. )+ (YU(K2)OTL14YULKL)OT2) FDELTA CcK
YLSINT)eYYU cK
YCINT)eYLSINT) cK
DeABS(ABS(DU)=ABSE{YCINT))) cK
T1sTHI(NT)RAD cK
WRITE (JURITES45S) NToXLSINT)o YLSINTISXLSINT)»VLS(NT)oXCINT),YCINT) CK
1Ly TKINT)»T1,0 cK
60 Y0 31 cK
NTeNT+1 cK
LX(NT)=0 cK
XLSI(NT) e XKL cK
XCINT)e XKL cK
DLo(ALI® XKL +A2)0XKL+AS (o 4
TKINT) 0. cK
THI(NTIsATAN(2 . ¢ALSXKL*A2) (N
TPeACOS (1.~XKL/CONS) cK
DELTA=TL(J2)~TL(JI]) cK
Tle=TP=-TL(J]1) cX
T2aTLLS2) +TP (44

YYLeYPPLEJ1)}®(T29%37(6.%DELTA)=T2¢DELTAZOL)4YPPLII2)#(T1983/(6,*DE
ILTA)=TLODELTA/6. )2 (YLCJLIOT24YL(J2)OT1)/DELTA

241
242
243
246
245
246
267
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
266
265
2606
267
2608
269
270
2n
272
a7
274
275
276
2%
278
am
200
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CARD NO.

201 YLS(NT)eYYL cx
YC(NT)=YLS(NT) cK
DeABSCABSIOLI=ABS(YCINT))) cX
T1eTH{(NT?*RAD cK

205 WRITE (JWRITES&45) NTo>XLSINTIoYLSINT)XLSINT)sYLSINT)»XCINT)SYCINT) CK

1o TKINT) »T1,0 cK
60 T 31 cK
30 IF (LX(NT).€Q.1) GO TO 32 cK
NTeNT#1 cx

290 LX(NT)ed cK
XCI(NT)=0.0 cK
YCINT)eYU()) cK
XLS(NT}=0,.C (4 3
YLSINT)=YLLY) cK

295 TK(NT)e(0.0 cK
TH(NT)= 0.0 cX
0=0.0 cK
WRITE (JWRITE45) NTXCINTIoYCINT)oXLSINT)o YLSINT),XCINT), YCINT)»T CK

LKINT)THINT),D cK

300 c cK

C PUNCH CAMBER AND THICKNESS DISTRIBUTIONS CcK

c cK

n IF (IPUNCH.NE.5) GO TO 33 cK

NPITE (1s46) TITLE cK

305 WRITE (JURITE,41) IPUNCH,TITLESNT cK
(4 cK

DsFLOATINT) cK

WRITE (1,42) O cK

c cK

310 DO 32 Is=l1,NT cK
JoNT+1~-1 K
WRITE (IJWRITE,43) XC(I)sYC(I) s TK(S)THLI) cK
WRITT (1,67) XC(JI)pYC(IDTKEIDIH»THLJ) cx

32 CONTINUE cK

31% o cK

C PLOT CAMBER AND THICKNESS DISTRIBUTINNS cK
c cK
33 1F (XPLOT.£0.0) RETURN cK
c PLOT CAMBER cX
320 CALL CALPLY (4¢r2es=3) cx

281
202
283
284
205
286
287
288
209
290
29
292
203
294
295
296
297
298
299
300
301
302
303
304
305
3006
307
308
309
310
ED
312
313
314
15
316
317
318
319
320

i25
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CARD ND,.

21

32%

330

335

340

345

350

355

360

176

346

33

36

CALL NOTATE {06500sS1Z2,TITLESO4,080)
CALL CALPLY (0e22e5=3)
C‘ll AIES !0-.0-30..20..0...05.-2..looSH!ICosiln-S:l)
OUe0.0
00 34 I=1,NT
IF (ABSIYC(I)).6T.DU) DU=ABSIYC(I))
SOLTINUE
De,1
IF (DULLE.0e20ANDDUGTo0,08) D=y 05
IF (DULE.0.08.AND.DU.6T.0.04) D=.02
IF (DU.LE.0.04) D=,01
OL=~4,¢D
CALL AXES (0..0..90..0.:DloDo-lopO.p3HVlCoS!7.392)
CALL CALPLY (0ep&er=-3)
XC(NT*1)aYC(NT+1)e0,0
XCINT+2)=,0%
YCINTe2)=D
00 35 I=]l,NT
XU1eXCU2) 7,05
YUlsYC(IN /D
CALL PMTPLY (XUl,YUle22,IS12)
CONTINUE
CALL LINE (XC,YCsNT»150,090.)
PLOT THICKNESS
CALL CALPLT {0es6er=3)
CALL AXES (0.50050052005009¢059=2051e923HX7C5S1I2s-3,1)
0V=20,0
00 36 Ie=1,NT
IF (ABSITK(I)).6T.DVU) DU=ABStTK(I))
CONT INVE
Oe,1
IF (DU.LE.O406) D=,01
IF ‘DUe6T.0.06.ANDeDULE«Oe12) Do 02
IF (DU, 67.0.12.,AND.DU.LE.0.24) D»,.04
IF (DU.6T.0.24.AND.0U.LE.0.30) D=,05
CALL AXES (0000099009605 009D5-1050.5s5HT/IC72,512,5,2)
TKINT+1)e0,0
TKINT*2)eD
00 37 1I=]1,NT
XUleXCL(I)7.05

PAGE

CcR
cx
cK
CcK
K
cx
cx
14 4
43
cx
cK
(4.4

cK
X
cx
K
4
X
cK
cK
K
cx
CcK
cK
(43
CX
cK
(4 4
tx
14 8
(4 3
cK
CK
44
cx
1o
cK
K
cx

a1
322
323
324
325
326
327
328
329
330
£ |
332
333
334
335
336
k)4
338
339
340
341
342
343
344
345
340
347
348
349
350
35
352
353
354
355
356
357
356
3%
360
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CARD NO.
361

365

370

375

aso

385

390

395

400

37

kL]

39

40

41

42
43
&4

ORIGINAL PAGE IS
OF POOR QUALITY

PAGE

YUl=TK{1)/0D X
CALL PNTPLT (XU1,YU1,22,1812) K
CONTINUE cK
CALL LINE (XCoTKpNT15090504) cx
PLOT INPUT AIRFOIL AND AIRFOIL GENERATED BY CONBINING K
THICKNESS AND CAMBER DISTRIBUTIONS cd

CALL CALPLT (0.5849~3) cK
CALL AYES (00900006920¢90e5:055=2:051093WX/CsSTT5-351) cx
CALL AXES (0090029009869 =0220050=2e510s IMY/C»S1253,1) <K
CALL CALPLY (0esber=3) cx
AVINYL1 D= YU(NU+1)=0.0 c«
XUINY+2)eYU(NU+2)=.05 cK
CALL LINE (XUyYUsNU»19050504) cK
XL(NL*1)aYLINL*1)=D.0 cK
XLINLe2)aYL(NLS2)e,05 cK
CALL LINE (XL,VYL5NLs»1500050.) cr
D0 40 I=1l,NT cK
TdeLXx(I? cK
IF (1J.EG.0) 60 TO 38 cK
XUleXU(1d) /.05 cK
YUleYU(1J)7.05 (d 4
XL1eXLS(I)/.05 cx
YL1=YLS(I)/.05 cX
60 70 39 cK
AV1eXL1eXLS(I)/,05 cK
YUlsYL1=YLS(I)/.05 cK
CONTINVUE cK
CALL PNTPLT (XUlpYUlp2251512) (o] 4
CALL PHTPLY (XL1»YL1p22,1IS12) cK
CONTINUE cK
CALL NFRARE cK
RFTURN cK

FORMAT (1H1,5X,67HTHE FOLLOVING CANBERLINE OATA HAVE BEEN PUNCMED, CK
15X s THIPUNCHe s L& £ /5Xs8ALO/ /35X s AHNT =167 79Xy IHXICy TU» IHYZCy SXoSHT/C CK

2/7255%5SHSLOPE)
FORNAT (F10.2)
FORMAT (5X54F1040)

FORMAT (1M1p1Xp THTITLE == 2XsBAL0//732Xs 3TH-—THICKNESS AND CAMBER DI CK

1STRIQUTION==/74X, 1HI,SX;4HXUZCp6Xs 4HYU/C 6% 4HXL/C26X»4HYL/C»6Xs3H €
2X/Cs TXe IHY/C 36X 9 SMT/C /25 5Xs SHSLOPE » 10X 5 SHEPROR/) cK

10

.61
762
3¢

3.
365
366
367
*68
09
370
m
Y L4
3
%
175
376
n
37¢
379
360
38l
382
383
384
365
386
387
360
389
390
L)
392
39
394
395
396
3s?
398
399
400

121
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ARD NO,
401

45
46
47

ORIGINAL PAGE IS
CF POOR QUALITY
PAGE 11
FORNAY (1557F10.60F10.4,5X9F10.6) LK 401
FORMAY (8A10) R 402
FORPAT (4F10.06) CK 403
END CK 404~



LISTING OF DECK3: INTP
CARD NO.

1

10

15

20

2%

30

35

4«0

O OO 0O O O NN

[ XaXa

N

ORIGINAL PAGE IS

SUBRDUTINE INTP (THETA»Xe YSMO, YPPS,NPsNOSEsCHORD, TITLESNINT, XINTSC
INEVs INTRs IPUNCH)

ROUTINE TO INTERPOLATE ADDITIONAL UPPER AND LOWER SURFACE
COORDINATES

CODED 8Y == HARRY NORGAN NASAZLARC/TAD/AAB 1982
DINENSION TITLE(8), THMETA(1)s X(1), YSHOILD)» YPPS{1)s XINT(1)
DIMENSION XSAV(ST)

COMNDN 7INQUT/ JREADs JURITESIPRINT
COMMON /BLK17 PIsPE2,RAD» CONS
COMMON /HLM/ XU(100),YU(100)sXL(200)5YL(100),»TLS(100)

STANDARD X/C COORDINATE INTERPOLATION VALUES
DATA (XSAV(I)101557)70.05.000255.00055.00075,.0015.00155.002,.002
15540055 ¢01900290039¢08900590060007900850099015¢1255¢15001750025022
255-250-2750.39.325:.35:.375’.§'062§p.69..&759.50.5259.55..5750.60.
3625'.65’0675,.7).725’.75'.77”.0..‘250.05'.875’.9,-925’.95’.97’.‘0
4909951, 0/

IF INYR EQUAL 15 LOAD STANDARD X/C COORDINATE VALUES

IF (INTR,EQ,0) RETURN
IF (INTR.EQ.2) 60 YO 2
NINTe57

00 1 I=1,NINT
XINT(I)eXSAV(I)

INTERPOLATE UPPER SURFACE CDORDINATES

WRITE (JWRITE,7) TITLE
XUP= X (NP ) ¢*CHORD
ANGSEeX (NOSE ) ®CHORD
XLO=X{1}*CHORD
RATIO=CNEW/CHORD

OF POOR QUALITY PAGE

17
Iv
4 |
17
17
1T
14
17
1T
Iv
IT
17
17
1T
1T
b 4 4
17
141

O@NOVLPWNM

129
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LISTING OF DECKs INTP

CARD NQ.
4]

45

50

59

60

65

70

”

80

130

(a N aXal w»

[aNaXa X.

D% 5 Is],NINT

XUCT )X INTII)SCHORDSXNOSE

XLLI)e XU

IF (xUCI).6T.XUP) XU(I)aXUP

IF (XLUI).6T.XLO) XL(I)eXLO

XUCI)e{ XUCI)-XNOSE)SRATIO
XLCT)s(XLCT)~-XNOSE)SRATIC

OELTA=XINT(I)

IF (DELTA.LE.CONS) 60 TO 3
DELTA=TAN(DELTA/CONS~1,)
TUsPI2¢ALOGI(DELTA+SORT(DELTA*DELTA+1.))
G0 7O &

TU=ACOS (1.~DELTA/CONS)

TLe=-TU

IF (TL.LY.THETA(L1)) TLeTHETA(1)

IF (TULGT.THETA(NP)) TUSTHETA(NP)
TLS(I)eTL

CALL COORD (THETAsYPPSoYSHOsNP» TUs YULT)»DYDX»DY2DXsCURY)
YU(1)=sYULI)OCNEV

WRITE (JURITE»S) IsXULI)sYU(I)}sDYDX,DY20X,CURV
CONTINUE

MRITE (JURITE,9) CNEW

INTERPOLATE LOWER SURFACE COORDINATES

WRITE (JVRITE,10) TITLE

D0 6 le1pNRINT

TLaTLS(I)

CALL COORD (THETA»YPPS,YSNOSNPTL,YL(T)»DYDX,DY20X,CURV)
YLLI)eYLEI)*CNEW

WRITE C(SWRITE»S) IsXL{I)oYL(ID)eDYDXsDY2DXsCURY

CONTINUE

PUNCH COORDINATES

IF (IPUNCH.NE.b6) RETURN
WRITE (JWRITE,11) CNEW,TITLE
NRITE (1,12) TITLE

MRITE (JURITE,13) NINT
XNTeFLOAT (NINT)

PAGE

41
42
43
44
&5
46
47
48
49
50
51
52
53
54
55

57
58
59
60
61
62
63
64
65
66
67
68
69
T0
7
T2
73
74
75
76

78
79
80



LISTING OF DECKs INTP

CARD NO.

e:

85

90

95

100

105

110

~ OO0

-~ 0D

11

12
13
14
15
16
17
19
19
20

ORIGINAL PAGE IS

OF POOR QUALITY PAGE
MRIVE (1,14) XNT 17
WRITE (JURITES15) (XU(I)eImlsNINT) 8§
WRITE (JURITE,16) (YU(I)s3I=1,NINT) IT
MRITE (1517) (XUCR)sYU(I)sIalsNINT) 17
WRITE (JURITE,18) NINT 14
WRITE (1,14) XNT 17
WRITE (JWRITE»19) (XL(I}yI=1,NINT) 1T
WRITE (JWRITES20) (YL(I)sIsl,NINT) 17
WRITE (1517) (XL(X)sYLUIDoIm1lsNINT) 17
it
RETURN TO CALLING PROGRAM l}
I
RETURN I;
b §
FOMMAT (1H1,5XsOHTITLE== »8A107/726Xs424~=UPPER SURFACE INVERPOLAT 1T
1€0 COORDINATES==//9X,1HIs10Xs2HXUp13Xy2HYUp 11 Xp SHDY/DXp6X11HD(OY/ 1T
20X ) 70X, 6XpOSHCURVATURE) 17
FORMAT (I10,2F15.693E15.0) 17
FORMAT (/710%X» THCHORD =,F10.6) 17
FORMAT (1H1,S5N,OUTITLE== »BA10//726X,42H~=LOVER SURFACE INTERPOLAT 1T
1ED COORDINATES==//9X» 1HI»10Xs2KYLs13Xs2HYL 911 XsSHOY/OX,6Xe21HD DY/ IT
20X ) /DXy 6Xs9HCURVATURE) 1 4 §
FORMAT (1H1,10X,50HTHE FOLLOWING DATA HAVE BEEN PUNCHED FOR A CHOR IT
1D =5F10.6773%X,9HTITLE== ,8A10) 1t
FORNAT (08A10) IT
FORMAT (5Xs4HNU =,14) 1T
FORMAT (F10.°) 14 §
FORMAT (5Xs4nXU =,8F10.67(9%pB8F1046)) 1T
FORRAT (5Xy&HYU ©,8F10.67(9Xs8F1046)) I7
FORMAT (2F10.6) It
FORPAT (3Xp4HNL =,14) 1T
FORMAT (S5Xs&HXL »38F10.6/(9158F10.6)) 1T
FORMAT (SXp4HYL =58F10.67(9Xe8F104,6)) I;
END 1

81
82
83
84
as
86
87
88
89
90
9
92
93
9%
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
116=

13



LISTING OF DECK: COORD

CARD NO.

1

10

15

20

2%

30

35

40

132

OO0 O OO0

N

SUBROUTINE COORD (THETASYPPS» YSROsNP»TIsYI»DYDX,DY20X5CURY)

ROUTINE TO CONPUTE THE Y COORDINAYEs DY/DXs D(DY/DX)/DXs AND
CURVATURE AT A GIVEN VALUE OF THETA

CODED BY —~ HARRY MORGAN NASA/LARC/TAD/AAB 1982
OIMENSION THETA(1)s YPPS(1), YSMO(1)
CONNON 7BLK1/ P1,P12,RAD,)CONS

COSHIX) = (EXP(X)+EXP(-X)D/ 2,
SINH(X) e (EXPIX)=EXPI=X))/20

00 1 Ka2,NP

JoK=1

IF (TI.GE.THETA(J)AND.TI.LE.THETA(K)) 6O YO 2
CONTINUE

DELTASTHETA(J+1)-THETA(J)

T2eTHETA(J*1)-T]

T1sTI=-THETALJ)

PAGE

YIoYPPS{J)O(T2883/ (6. CDELTA)=T20DELTA/6)+YPPS(J+1)*(T1#¢3/7(06.*DEL CD

1TA)-T1SDELTA/ 64 )+ (YSNO(J)ET2eYSNO(J+1)@T1) J/OELTA

YPIaYPPSIJIS(DELTAZO.~T28T2/(2.¢DELTA))+YPPS(J+1)*{T18T1/(2,¢DELTA CD

1)=DELTAZ64 )+ LYSNO(JI*1)=YSNO(JID)/DELTA
YPPIs(YPPS(S)#T2¢YPPS(J+1)4TL1)}/DELTA
DELTA=YPI

IF (T1.LE.0.0) DELTA==DELTA
TPeABSITI)

IF (TP.GT.PI2) 60 TO 3
GPeCONS#*SINITP)

GPP=CONSHCOS(TP)

G0 TO ¢

T1=COSHITP=PI2)

T2eSINH(TP=PI2)

GP=CONS/T?

GPPe—-CONS*T2/(T1eT1)

IF (TPoLE«O.0sOReGPeEQe0s0) GO TO 5
OYOXeDELTA/GP

0Y20X=( YPPISGP-~DELTA*GPP) /(GPe*3)

O®NO RSP WVWN -



LISTING OF DECK: COORD

CARD NO.
41

45

CURVeABS(OY2DX) /{SQRT(1.4DYDXe%2)8¢3)
RETURN

0YDX=04 1£99

DY20Xe0,1£99

CURVCONS/ (DELTA*DELTA)

RETURN

END

ORIGINAL PAGE IS
CF POOR QUALITY

PAGE

<o

co
co
co
cD
co

61l
42
63
L 1

%6
«7-

133



LISTING OF DECK2 SINM

CARD NO.
1

134

FUNCTION SINM(X)
HYPERBOLIC SINE
SINHE0, IS LEXPIXI-EXP{=-X))
RETURN

END

ORIGINAL PAGE 13
OF POOR QUALITY

SH
SN
SH
SH
SH
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LISTING OF DECKs COSH

CARD NO.
1 FUNCTION COSHIX)
c HYPERBOLIC CISINE
COSH=0, IS LEXPyX) +EXP(=X))
RETURN
5 END

ORIGINAL PAGE IS
OF POOR QUALITY

PAGE

cH
CH
CH
CH
CH
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APPENDIX B OF POOR QUALITY

COMPUTER "LISTING OF AIRFOIL SCALING PROGRAM AFSCL
This appendix contains a computer listing of the airfoil scal-
ing program AFSCL which consists of a main program and two suk-

rcutines.



LISTING OF OECK: SCALE
CARD WO.

1

10

1%

20

25

30

35

40

ORIGINAL PAGE IS
OF POOR QUALITY

PAGE
PROGRAN SCALECINPUT,0UTPUT, TAPESSINPUT, TAPEG=QUTPUT, TAPEL) Sg
¢ 3
¢ THIS PROGRAM PRESENTS A TECHNIQUE FOR SCALING THE COORDINATES OF S¢
c AN AIRFOIL FROM ITS INPUT MAXIMUM THICKNESS RATIO YO A DESIRED s¢
c OUTPUT NAXINUM THICKNESS RATIO gc
c ¢
< CODED AY == HARRY MORGAN NASA/LARC/TAD/AAB. 1982 gg
c
CHRs R R RRE 4R RAS RS A RS SE S H SR LSRR ER LSS LSRR ELRA RSS2 S S S S400 0008 §C
Ce ¢ SC
Ce CESCRIPTION OF INPUT CARDS FOP SCALING PROGRAM : :g
Ce
g‘.o..o.o.ooor--..-....ooo.o'.-.ooooo-ooo.oeooooooooooooooooooooooooooc‘ gc
* C
C* CARD NUMBER DESCRIPTION ® SC
c* ¢ SC
(] T I I I ArEnmmInmImnmnmnInmnmIImnmmmImmmIIImImmIIIooTmTn. S¢
Ce 1 FORMAT(8A10) * SC
Ce TITLE CARD ¢ SC
C000000300000000000000000000000000000000000000000000000000000000ss0000? sC
Ce 2 FORMAT{4F10,0) o SC
Ce NT - NUMBER OF INPUT CAMBER, THICKNESS, AND SLOPE ¢ SC
Cs POINTS o SC
Ce IPLOT - PLOT OPTION ¢ SC
Ce 0 = NO PLOTS DESIRED ¢ SC
C* 1 = PLOTS DESIRED ® 5¢C
Ce TPUNCH = PUNCH DUTPUT OPTION o SC
Ce 0 ~ NO PUNCHED OUTPUT DESIRED ¢ SC
Cs 1 ~ PUNCH CODRDINATES OF SCALED AIRFOIL o SC
co 10P « SLOPE OF CAMBERLINE OPTYON ¢ SC
Ce 0 = SLOPES INPUT ON CARD 3 s SC
Cs 1 ~ SLOPES COMPUTED BY PROGRAM eS¢
c‘ooooooooocooooooo.ooo.oo.ooooooooooooooooo.ooooooco..n."....!..’.....‘ sc
Ce 3 FORMAT(4F10.0) oS¢
Ce XC = X/C COOROINATES OF CAMBEPLINE e sC
Cs YC = V/C CNORDINATES OF CAMBERLINE ¢ SC
Cs TK = T/C/72 THICKNESS DISTRIBUTION ¢ <C
Cs TH = SLOPE OF CAMBERLINE IN RADIANS L 14
Ce NOTE == CARD 3 IS READ NT TIMES o sC
c‘oooooootooo -ouoo..oocooootblooooooooooooolo000000...00..0.....0'00000. SC

TN N 0=F Db Pt Gud P put ot Job Pt Bt
OO DN NP WNCOODNO VS WN-

NN
swnNn

N
w

MNeN N
C-X- RN 2

w
(-]

Wwawew
VSN -

> U
(-

137



AL PAGE '8
%‘:‘qrgog QUAL\TY

LISTING OF DECKs SCALE

CARD NO,

41

45

50

53

60

63

70

5

80

138

PAGE
Ce & FORMAT(F10.,0} ¢ SC
cs LT - NUMBER OF DESIRED OUTPUT MAXINUM THICKNESS RATIUS s SC
c‘.......o.....00000000000000000oooo.o-ooooooooooooooooooooooooo.oocooo. SC
Ce 5 FORNAT(F10.0)} SC
c* TKNEW - OESIRED OUTPUT MAXIMUN THICKNESS RATIO * SC
Ce NOTE == CARD 5 IS READ LT TINES ¢ SC
C9 0001 000000000000000000000000000080000000000000000000000000c0s00csvsna? sC
Ce ¢+ SC
Ce RESTRICTIONS: * SC
Cce NT NOT GREATER THAN 101 s SC
Cs LT NOT GREATER THAN 10 ¢’
Ce XC MUST BE MONOTTNICALLY INCREASING : c
ce sC
Co2253838 383 X 2400 ¢2 309080008368 204840 ¢ 3638080 ¢ SRS 0300862583000 0¢ 8058 S
c sC
DIMENSION XC(101), YC(101}, TK(101), TH(101)s THETA(101l)» YPP(101) SC
1s TKNEW(10)s TITLE(8)» VAR(S) :C
¢ ¢
COMNON FHLN/ WK(404p3) sC
c sC
CONNON 78LK17 PI,PI2,RAD,CONS SC
4 sC
COMNON 7INDUT/ JREAD> JHRITES IPRINT Sg
c b3
SINHIX) s0 5*(EXP(X)=EXP(~X)) gg
c
< INITIALYZE PROGRAN CONSTANTS sSC
c ¢
JURITE=H s¢
JREADeS SC
IPRINT=0 sC
NTMAX=101 SC
PI=ACOS(~1.) S¢
Pl2epY/2. 1+
RAD=180./P1 SC
CONSel, /{1, ¢ATAN(SINH(PI2))) gg
é READ AND PRINT INFUT DATA s¢
1 READ (JREAD»26) TITLE SC

43
LT 4
43
44
45
46
47
406
49
50
51
52
53
54
5S
56
57
58
59
60
61
62
63
64
(]
66
67

69
T0
n
72
73
T4
75
76
”
78
79
80



ORIGINAL PAGE 19
OF POOR QUALITY

LISTING OF DECK: SCALE PAGE 3
CARD NO,

()} IF (EOF(JREAD)) 25,2 S¢ &

2 READ (JREADs27) VAR SC 82

NT=IFIX{VAR(1)) SC o3

IF (NT.6T.NTMAX) GO TO 24 SC 84

85 IPLOTsIFIXIVAR(2)) SC e5

1F (TPLOT.NE.OQ) IPLOTeL SC 66

IPUNCHeIF IX(VAR(3)) sC 87

IF (IPUNCH.NE.O) IPUNCH=1 SC 88

I0OPIFIX(VAR(S)) SC 89

90 IF (IOP.NE.O) 10Pel sC 90

WRITE C(JWRITE,28) TITLESNT,»IPLOT, IPUNCH,TOP sC 9

READ (JREADS29) (XCCIIoYCIX)oTKUTID,TH{TI}eIe1p)NT) SC 92

WRITE (JURITES30) (XCUI)pIoleNT) SC 93

WRITE C(IWRITE,31) (YC(I),Iel,sNT) SC 9

9% WRITE (JWRITE,32) (TK(X)»Ie1pNT) SC 95

IF (I0P.EQ.0) WRITE (JWRITE»33) (TH(I),I=sl,NT) SC 96

READ (JREAD,34) VAR(1) sC 97

LT=IFIX{VAR(1)) SC 98

IF (LV.LE.O0) GO TO 1 SC 99

100 If (LT.6T,.10) LT=10 SC 100

READ (JREADs34) (TKNEW(IDpIe=1l,LT) $C 101

WRITE (JWRITES35) LTs {TRNEWII)»1al,LT) SC 102

c S¢C 103

c INITIALIZE PLOTTING DEVICE SC 104

105 C SC 105

CALL PSELDOD SC 106

CALL LEROY SC 107

c S$C 108

¢ CHECK FOR INCREASING XC SC 109

110 c SC 10

00 3 I=2,NT SC 111

IF (XCUIY.LE.XC(I-1}) GO TO 4 S$¢C 112

3 CONTINVE sc 113

GO Y0 S SC 114

1195 4 WRITE (JWRITE»36) SC 115

¢0 70 1 SC 110

c sSC 117

¢ FIND MAXIMUM THICKNESS RATIO OF INPUT AIRFOIL SC 118

¢ S$C 119

120 c COMPUTE THETA EQUIVALENT OF XC S$C 120

139



ORIGINAL PAGE 1S
OF POOR QUALITY

LISTING OF DECK: SCALE

CARD NO.

121

125

130

135

140

145

150

155

160

o Ogo

10
11
12

CHORDeXC (NT)=XC (1)
00 7 lel,NT
DELTA=(XCL(TII=XC (1)) /CHORD
IF (DELTA.LE.CONS) GO T0 6
DELTAeTAN(DELTA/CONS~1,)
THETA(I)=PI2+ALOG(DELTA*SORTIDELTA®DELTA+1.))
60 Y0 7
THETA(I)eACOS(1.~DELTA/CONS)
CONTINUE

FIT CUBIC SPLINE THRU TK VS THETA
CALL CUBSPL (THETA,TKs YPPHNT,UK)

FIND LOCATIONS WHERE DU(TK)/D(THETA) = 0.0
KRT=Q

NieNT=1

DG 12 la1,N}1

DELTASTHETA(I«L)-THETA(T)

AL (YPP(T)-YPP(I41))/(2,%DELTA)
BB=(YPP(I+1)¢THETA(I)~YPPLI)*THETALL+1))/7DFLTA

CColYPP(IISTHETALL@1)082-YPPII+1)STHETA(T)®#2) /(2. *DELTA)+{YPP(I+1 SC

1)=YPO(L1))SDELTA/6e={TK(141)=TK(I))/DELTA
GP=BB%BB-4.¢AASCC

IF (6P) 12,8,8

GP=SORT(GP)

T1e(-BB4+GP)/(2,¢AA)

T2=(-BB~CP)/(2,%AA)

IF (T1.GE.THETA(T)¢AND.TL1.LE.THEYA(I+1)) GD TO 9
60 T0 10

KRTeKRT +1

VKIKRT,1)eT}

IF (T2.GEoTHETA(I)oANDoT2.LE. THETA(I®2)) 60 T 11
60 10 12

KRTeKRT¢1

WK {FRTs1)=T2

CONTINUE

IF (KRT.EQ.0) 60 TO 16

COMPUTE XC LOCATIONS WHERE D(TK)FD(THETA) = 0,0

00 15 I=1,KRT

T1=ABS(UK(I,1))

IF (T1.LE«PI2) WK(I,2)=CONS®*(1,-COS(T1))

IF (T1.67.PI2) WK(I»2)eCONSS*(ATAN(SINHITLI=PI2))¢1.)

121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
166
167
148
149

151
152
153
154
15%
156
157
158
159
160



LISTING OF DECK: SCALE

CARD NO.
161

165

170

175

180

185

190

19%

200

13
14

15
16

17
18

[aZ2 N2l

AN

ORIGINAL PAGE IS
OF POOR QUALITY

PAGE

DO 13 Je)l,N]1 SC
Jleg SC
J2njel SC
IF (WK(T01)eGELTHETALJ) AND MK(I91) LE,THETA(J*1)) GO YO 14 SC
CONTINUE SC
AAeTHETAtJ2)=K(1,s1) £ 4
8B=UK(Is1)=THETALIL) SC
DELTA=sTHETA(J2)~THETALJL) sSC
WK (153)oYPP(JIL)S(AAGSI7(6.*DELTAI=AASDELTA/6o)YPP(JI2)¢(BB*%37(6,¢* SC
1DELTA)=BB2DELTA/G I+ (TKEIL)SAA+TK(J2)*8B) FDELTA SC
CONTINUE s¢
COMPUTE AND PRINT NAXIRUM THICKNESS RATIO SC

IF (XRT.EQ,0) 60 TO 23 scC
TKRAX=0,0 SC
00 10 Ie)],KRT SC
IF (WK(353).GE.TKNAX) GO YO 17 SC
G0 TOD 18 SC
Nlel SC
TKMAXsWK{1s3) SC
CONTINUE sc
THUNAYe2 ,*TKNAX sC
DELT AWK (NL, 2)®CHORD+XC(1) sC
WRITE (JWRITE,37) TKMAX,DELTA SC
IF (TKMAX.LE.0.0) GO TO 1 §g
IF 10Pel, COMPUTE SLOPES OF CAMBERLINE gg

IF (I0P.NE.1) 6D TO 21 SC
CALL CUBSPL (XCoYCoYPPaNT,UK) 114
D0 20 1el,NT SC
IF (1.EQ.NT) GO TO 19 sSC
DELTAeXC(I+1)-XC(1) s¢
TH(I)e=YPP(I)®DELTA/3,~YPPII+1)1SDELTAZ6,¢(YCU1+1)-YC{I))/OELTA SC
60 Y0 20 SC
DELTAeXC(NT)=XC(NT=1) sC
TH(I)eYPP (NT=1)SDELTA/ 6o *YPPINTISDELTA/3,#{YCINT)=YCINT=1)}/DELTA SC
TH(I)=ATANCTH(I)) s¢C
sc

CONPUTE AND PRINT COORDINATES OF INPUT AIRFOIL gg

161
162
163
164
165
166
167
168
169
170
in
172
173
174
175
176
177
178
179
180
181
182
163
184
185
186
187
368
189
190
191
192
193
194
195
196
197
198
199
200

14l



LISTING NF DECK: SCALE

CARD NO,

201

205

210

21%

220

22%

230

235

240

142

[aXaXal

~N

NI OON

~n
L 4 w

25

26
27
28

29
30
3l
32
33
34
35
36

ORIGINAL PAGE IS
OF POOR QUALITY

CALL SCYN (XCoVCoTKoTHANTSTITLES TKNAXS TKMAYy TPUNCHs IPLOTHIERR)
IF (JERR.NE.O) 60 T0 1

CONPUTE AND PRINT COORDINATES OF SCALED AIRFOILS

00 22 I=1,LY

CALL SCTK (XCoYCoTKoTHsNToTITLE» TKNEW(T ) TKMAXe IPUNCHs IPLOT, IERR)

IF (IERR.NE.O) 60 TO 1
CONTINUE

READ
60 TO 1

NEXT CASE

PRINT ERROR MNESSAGE

WRITE (JURITE»38)

60 T0 1
WRITE (
G0 T0 1

JURITE,39) NTHAX

FINALIZE PLOTTING DEVICE

CALL CALPLY (0e5005999)

svor

FORNAY
FORNAY

(8A10)
(4F10.6)

PAGE

FORMAT (1N1,57Xs 14H——INPUT DATA=—=//5Xs THTITLE==»2XsB8A107/5Xs3HNTe, SC
11355Xp6HIPLOTee13,5Xs THIPUNCHe, 13, 5X,4HIOP=, 13)

FORNAT
FORNAT
FORRATY
FORMAT
FORMAT
FORMAT
FORMAT
FORMATY
FORNAT
1F10.6)

(4F10.6)

CP6Xs6HXIC»9BEL5.6/(8X,8E1546))
(76Xs8HY/ICo9BEL1546/7(8X,8E15.06))

(12X 6HT/C/2098EL15.67(8Xs8EL15.6))
(72%96HSLOPE=»BEL15.67(BX»B8ELS5.8))

(F10.2)

(/2% 3HLT 13, 5Xs9HKEN T/C o,10F12,6)

(/5K 60HXC ARRAY IS NOV MONOTONICALLY INCREASING)

(/5% 28HIT/CINAX FCR INPUT AIRFOIL ,F10.652Xs8HAT X/C =)

201
202
203
204
205
206
207
206
209
210
F2 91
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
220
229
230
231
232
233
234
235
236
237
238
239
240



ORIGINAL PAGE IS
OF POOR QUALITY

LISTING OF DECK: SCALE PAGE 7
CARD NO,
241 39 FORMAT (/773X 64H(T/CIMAX OF INPUT AIRFOIL WAS NOT FOUND =-- CHECK Y SC 241
10UR INPUT DATA) SC 262
39 FORNAT (775X 3SHINPUT CARD ERROR -~ NT GREATER THAN ,14) SC 243
END SC 264~

143
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LISTING OF DECKs SCTK

CARD NO,

1

10

15

20

2%

30

35

40

OO O O D OO OOOIOO

[aXa Nad

PAGE

SUBROUTINE SCTK (XCoYCorTKoTHoNTs TITLEs TKNEW: TKHAX, IPUNCH IPLOT» IER SK

1R)

THES SUBROUTINE SCALES THE COORDINATES OF AN AIRFOIL FRON A BASIC
NAXIMUN THICKNESS RATID (TKMAX) TO A NEW MAXINUM THICKNESS RATIO

(TKNEW)
CODED BY —~ HARRY MORGAN NASA/LARC/TAD/AAS
DIMENSION XC(1)> YC(1)» TK(1), TH{(1l)s TITLE(Q)

1982

sK
SK
SK
SK
SK
SK
SK
sK
SK
SK

CORMON /HLNW/ X(220)5Y(220)9XUC110),YUC110),XL(11005YL(110),XPRT (11 SK

10)5YPRT (11005 TPRT(110)
COMMON /78LKY/ P1oPL12,RADSCONS
CONNON /INOUT/ JREADs JWRITESIPRINT

SK
SK
SK
sk
SK
K

SCALE THICKNESS AND COMPUTE UPPER AND LOWER SURFACE COORDINATES SK

OF NEV AIRFOIL

1ERR=O

DELT1=TKNEW/ TKNAX

00 1 I=1,NT

DELT2COS(TH(I))
DELTAeSIN(TH(I))
XUCI)eXCUI)-TKII)*DELT4*DELT]
YUCI)oYCUT)eTK(I)SDELT2#DELT]
XLAI)oXC(T)+TK(I)IODELTGSDELTL
YLEI)eYCUI)-TK{I)*DELT24%DELT]

LOAD SURFACE COOCRDINATES INTO X AND Y ARRAYS

00 2 Ie1,NT

JeNT+1~1

X(Idexl {J)

YiTleYL (D)

NeNT

Hel

IF (XUCL1)EQeXLUL)oANDYU(1)oEQeYLIL)) WMe?2

SK
SK
SK
SK
SK
SK
SK
SK
SK
s«
SK
SK
SK
SK
SK
SK
SK
SK
K
SK
SK

O NN AW NN



ORIGINAL PAGE S
OF POOR QUALITY

LISTING OF DECKt: SCTK PAGE
CARD NO.

41 00 3 TeMsNT SK

NesN¢) SK

X(R)exU(I) SK

3 Y(N)=YU(D) SK

43 c SK

c INTERPOLATE OR EXTRAPOLATE TRAILING EDGE COORDINATES SK

c SK

IF (X(1)=X(N)) 56,5 SK

4 DELT1=X(2)=X(1) SK

50 DELT2=X(3)=X(1} SK

DELY3av({2)~-Y(1) SK

DELT4=Y (3)-Y{1) SK

55

60

65

70

75

80

OO

~

VOO D

VORIV LR+ OXAND=XCLD ) *((DELTISDEL T2=DELT4*DELTLI®*(X(NI=X(1))#(DELT SK

14%DELTIS0ELTL-DELTISDELT2¢DELT2) )/ (DELT2+DELTI*DELTLI-0ELT1I#DELT29D 5K
2ELT2) SK
X{1)eX(N) SK
60 TO & SK
DELT1eX(N=1)=X{(N=2) SK
DELT2eX(N)~X(N=2) SK
DELT3eY{N=-1)=Y{N=2) SK
DELT4sY(N)=Y(N=2) SK

YIN)aY(N=2)+(X(1)=X(N=2))S( (DELTIC®DELT2-DELTASDELTLIS(X(1)~-X(N=-2)) SK

1+(DELT4SDELTI®DELT1~DELTI®DELT2ODELT2) ) /7 (DELT2#DELTI*DELV1=DELT1¢D SK
2ELT2#DELT2) SK
X{(N)=X(1) SK

SK

COMPUTE LONGESY CHORD SK

SK

CHORD=0,0 SK

00 ¢ l=s2,N SK

DELT=X(1)=X(1) SK

IF (DELT.GT.CHORD)} GO YO 7 $K

GO Y0 8 SK

CHORD=DELT SK

NOSEe] SK

CONTINUVE gK

K

ADJUST COORDINATES FOR LONGEST CHORD SK

SK

DELT=X(NOSE) SK
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45
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LISTING OF DECK?: SCTK PAGE 3
CARD NO.

81 00 9 I=1l,N Sk 8

X(I)e{X(1)=DELT)/CHORD Sk 82

9 Y(I)=Y( 1) /CHORD Sk 83

c Sk 8s

L1 ] c CHECK UPPER AND LOWER SURFACE X VALUES TO OETECT CROSSOVER OF SK 85

C PERPENDICULARS TO CANBERLINE AND TO FIND NOSE POINT Sk 86

¢ SK 87

D0 10 I=2,NOSE Sk 88

IF (X(I)~-xCI-1)) 10»20520 SK 89

90 10 CONTINUE SK 9%

JeNOSE+] Sk 9

D0 11 IeJ,N Sk 92

IF (x(I)=-x(I-1)) 20,20,11 SK 93

11 CONTINVE SK 9

95 c SK @5

c LOAD COORDINATES INTD UPPER AND LOVER SURFACE ARRAYS SK 96

[ sk 97

00 12 I=1,NOSE SK 98

JeNOSE+1-1 Sk 99

100 XL(1)oX (J) SK 100

12 YL(I)eY () SK 101

D0 13 IeNOSEsN SK 102

JoI+1-NOSE SK 103

XUtJ)ex(l) SK 104

105 13 YU(I)av(l) SK 105

NL=NOSE SK 106

NUeN-NOSE+1 Sx 107

¢ SK 108

c PRINT SCALED SURFACE COORDINATES SK 109

110 c SK 110

WRITE (JVRITE,21) TITLE,TKNEW SK 111

JaNU SK 112

IF (NL.GT.NU) Je=NL SK 113

DO 14 Te1,J SK 114

115 {: (IeLE.NU.ANDoIoLEoNL) WRITE (JWRITES22) TIoXULT)pYUCIDpXLLX)pYLL SK 115

1 SK 116

IF (JLE.NUAND.Z.GToNL) WRITE (JHRITE»22) I»XU(CI),YU(I) SK 117

IF (T.GT.NUAND I.LESNL) WRITE (JURITE»23) I,XLIT)»YLII) SK 110

14 CONTINUE SK 139

120 c SK 120

146



ORIGINAL PAGE IS
OF POOR QUALITY

LISTING OF DECK: SCTK

CARD NOD.
121

125

130

135

140

145

150

15%

160

[ X K X

CICIMIO) e

PRINT CAMBER AND THICKNESS DISTRIBUTIONS

WRITE (JWRITE,24) VITLE,TKNEW

DELT4aTKNEW/TKNAX

D0 15 Isl,NT

XPRT (1) =(XC{I)=~DELT)/CHORD

YPRT(I)sYC{I)/CHORD

TPRT(I)=TK{I)*DELT4

DELT3e2,0#TPRT(])

DELT1=THI(I)®RAD

WRITE (JWRITES25) IoXPRT(I)sYPRT(I),DELTL,DELTI

PUNCH DESIRED OUTPUT DATA

IF (JPUNCH4EQeO) GO TG 16

WRITE (JWRITE»26) (TITLE(I}»Imlsn6)s TUNEM
WRITE (1927) (TITLE(I)»1el,6)»TKNEW
WRITE (JWRITE,28) NU
DELT1=FLOATING)

WRITE (1,29) DELT]

WRITE (JWRITEL30) (XU(I)rIe1,NU)
WRITE (JWRITE,31) (YULI)sI=lsNU)
MRITE (1532) (XULI)pYU(I),In1sNU)
WRITE (JWRITE,33) NL
OELT1=FLOATINL)

WRITE (1,29) DELTL

WRITE (JURITE,34) (XL(I)sI=1sNL)
WRITE (JWRITES35) (YL(I)pI=1,NL)
WRITE (1532) (XLEI)pYL(TI)> 3=l NL)
IF (IPLOT.€0.0) RETURN

PLOT AIRFOIL SHAPE AND CAMBER AND THICKNESS DISTRIBUTIONS

LABEL PLOT
CALL CALPLT (2490e9=3)

PAGE

SK
SK
SK
SK
$K
SK
SK
SK
SK
SK
SK
SK
SK
S«
SK
SK

SK
SK
SK
SK
SK
p1 3
SK
K
SK
SK
sK
SK
SK
SK
$K
SK
SK
SK

CALL NOTATE (0e»00ere20s44HPLAOT OF AIRFOTL GENERATED BY SCALING PRO SK

16RAM» 0.5 44)

CALL NOTATE (16005000040, 20H{T/CINAX 550,,10)
CALL NUMBER (20405009440, TKNEW»0.0»3)

CALL NODTATE (Ooslese40sTITLE,Ous£0)

SK
SK
SK
$K
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154
155
156
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CARD N8B,

161

165

170

175

180

185

190

195

200

148
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PLOT AIRFOIL
CALL AXES (069%020002005000000%59=2051093HA/Cse405=3,1)
CALL AXES (0094029005009 =0250059=2051es3HY/Cpe%0p3p1)
CALL CALPLT (0.9849-3)
X(Nel)m'(N+1)e0,0
XINe2)aY(N+2)=,09%
CALL LINE (XpYsNpls0s05040)
PLOT CAMBER DISTRIBUTION
CALL CALPLT (0es6er=3)
CALL AXES (00)009000200300’o°50‘20}10'3""€’0‘0”3’1’
DEL 10,0 .
DO 17 Iel,NTY
IF (ABRS(YPRT(I)).GT.DELTL) DELT1eABSIYPRY(I))
CONTINUE
DELT2:41
IF (DELT1eLlEe0e20ANDDELT1e6T00.,08) DELT20,05
IF (DELT1.,LE.0.08.AND.DELT1.6T+0,04) DELT2e,02
IF (DELT1.LE.0.04) DELT2=,01
DELT1e~4,8DELT2

CALL AXES (005009590084 sDELT19DELT20=16904034Y/Cs<4003,2)

CALL CALPLY (0esber~3)
XPRT(NT+1)=YPRT(NT¢1)e0,0
XPRT(NT+2)e,05
YPRT(NT+2)sDELT2
D0 18 Ie1,NT
DELT3sXPRT{I) /.08
DELT&=YPRT(I)/DELT2
CALL PNTPLT (DELT3,DELT492293)
CONTINUE
CALL LINE (XPRT,YPRTsNTs1505090,)
PLOY THICKNESS DISTRIBUTION
CALL CALPLT (0Oepbesr~-3)
CALL AXES (0+90090¢22002002¢059=2421093HX/Cr040,5=351)
CALL AXES (0000099005 7050050025=1050.95HTIC/2504055,2)
TPRTINT+1)=0,0
TPRTY(NT42)e,02
D0 19 I=l,sNT
DELTI=XPRT(I)/.0%
DELT4=TPRT(1)/.02
CALL PNTPLY (DELT3,DELT4;22,3)

PAGE

SK
K
SK

SK
SK
SK
SK
SK
K
SK
K
SK
K
SK
SK
SK
Sk
SK
K
SK
X
SK
SK
SK
SK
S
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SK
SK
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SK
SK
SK
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SK
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CARD NO.

201

203

210

215

220

22%

230

235

19

22

24

25
26

27
29

30
31
32
33
34
35
36

37
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PAGE

CONTINUE SK
CALL LINE (XPRT,TPRT,)NT212050s040) SK
CALL NFRANME SK
RE TURN SK
$K

PRINT ERROR NESSAGE g:
WRITE (JWRITE,36) TITLE»TKNEW SK
WRITE (JWRITE;37) (I»X(1)sY(I)sZel,N) $K
1ERRe] $K
RETURN sK
sK

FORMAT (1H1»3X, THTITLE==»2XpB8A10//12Xy 33HSCALED COORDINATES FOR (T SK
1/CIMAX ©p FTo4/724Xs SHUPPER, 20X SHLOWER/ /9%, IHT, 10X, 3HX/Co TXp IHY/CH» SK
212X IHX/Co TX9 3HY/C) $K
FORMAT (5X515,5X,2F106695X92F10.6) sK
FORMAT (5X»I5,30X,2F1046) SK
FORMAT (1H1,3X, THYITLE==22Xs8A10//12Xy 49HCAMBER AND THICKNESS DIST SK
IRIBUTIONS FOR (T/CIMAX spF7¢4//34Xp GHCAMBER) 22Xs OHTHICKNES S/ /9% 1H SK
21010Xs3HX/Cr12X93HY/Co11XsSHSLOPES»10X»5HT/C2) SK
FORMAT (5Xs15,2(5XsF10e6)95XsF10455XF10,6) sK
FORMAT (1H1,10Xs36HTHE FOLLOWING DATA MAVE REEN PUNCHED//5X,OHTITL SK
1E== ,6A10510H(T/CIMAX ©5F10.6) SK
FORMAT (6A10,10H(T/CIMAX =,F10.6) sK
FORMAT (/S5Xs4HNU s914) sK
FORNAT (F10.2) SK
FORMAT (/5Xs4HXU @,6F10.6/(9X,8F10.6)) SK
FORMAT (/SXy4HYU #28F1066/(9X38F1046)) SK
FORMAT (2F10.6) sK
FORMAT (/SX,4HNL =,14) SK
FORMAT (/5Xs4HXL ®,8F10e6/(9Xs8F1046)) SK
FORMAT (/5Xs4HYL =p8F10.6/(9%,8F10e6)) SK
FORMAT (1H1,3X, 7HTITLE==»2X,8A10/73%38HATTENPT TO SCALE AIRFOIL T SK
10 (T/CIMAY w,F7,4,2X,SSHFAILED DUE Yo CROSSOVER OF PERPENDICULARS SK
2T0 CAMBER  +E//79X5 1MT, 90Xy 3HX/Cp 13Xy IHY/C) SK
FORMAT (5X»Y5,5XsF10.655XsF1046) SK
END SK
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1
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20
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SUBROUTINE CUBSPL (XoYaYPPaN»A) cs
cs

THIS SUBROUTINE FITS A CUBIC SPLINE TO A SET OF Y V3 X INPUT ce
POINTS Co
cs

CODED BY =~ HARRY MORGAN NASA/LARC/TAD/AAD 1962 cs

ca

IN CALLING PROGRAM DIMENSION X, Y, AND YPP BY N AND A BY 2¢N ch

cs

NIMENSION X(1)s Y(1)s YPPL{1)s A(N»2) c8
c8

COMPUTE U:COND DERIVATIVE AT END POINTYS BY FITTING cs
YoAsX022+80X+C TO THE LAST THREE POINTS AND SOLVE FOR A cse
SECOND DERIVATIVE AT END POINT IS THEN EQUAL TO 2,%A cs
cB

HleX(2)=-X(3) cs
H2eX (3)=X(1) ce
H3sX(1)=X(2) cs
YPP(L1)e2, %Y (1)8H1eY(2)%H2¢Y(3)*HI) /(HL1RX(])eR24H2%X(2)*224HI%X(3) COB
19%2) ce
HisX(N=1)=X(N) cé
H2eX(N) =X (N=2) co
H3eX{N=2)=X(N=1) cs
YPPINIa2,8(Y{N=2)0H1+Y {N=L1)PH24Y(NI*H3}/LHIOX(N=2)9824H2O0X(N=1)022 CB
1+HISXIN)O*2) cs
ce

PERFORM FORWARD ELIKINATION g:
A{1-1)20,0 ce
Alls2)eYPP(1) cs
NlaN-1 ce
D0 1 1s2,N1 ce
HleX{(I)=X(1-1) (o ]
H2eX(I+¢1)=X(I) cs
H3o{Y(I+1)=Y (1) )/H2=(Y(I)=Y({I=1))/H1 ce
DeH1$(2,.-A(1I~151))22,0H2 1]
Alls1)eH2/D cs
A(Is2)e(b6.8H3-H1®*A(I~152))/0 cs
ce

PERFORM BACK SUBSTITUTION cs

L od ol od.odd
SWNHOODNORLWNM

PN et b Pt 0 s
CODNOW

WWLWWNWNNNNNNNN NN
CUVIWUNSODONCWNSWNM

>0
- XN ]
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CARD NO.
41

43

Sy

OO N

JoN

00 2 le2yN1

Jed=-1
YPP(S)oA(Je2)=Aldyl)eYPP(Je])

RETURN TG CALLING PROGRAM

CETURN
END
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APPENDIX C

DESCRIPTION OF INPUT FOR AIRFOIL SMOOTHING PFOGRAM AFSMO

This appendix contains a description of the input requirements

for the airfoil smoothing program AFSMO. All variables are input

with a card format of 8F10.0, except the title card which has a

format of 8Al0.

CARD VAklanof-E VALUE
1 TITLE -
2 ITER -
2 IPLOT 0

1

2

3

4

5

6

7

8

9

10

2 IPUNCH 0
1

2

3

6

2 I0P 0

152

DESCRIPTION

80-column title
Maximum number of smcothing iteratives

No plots desired _

Plot smoothed and unsmoothed y and
smoothed y' and y" versv= 6

Plot smoothed and unsmoo. i1ed y versus X
Plot smoothed curvature versus 0

Plot camber and thickness distribution
versus ¥ (ICAMTK must equal 1)

Plot combined options 1 and 2

Plot combined options 1 and 3

Plot combined options 1, 2, and 3

Plot combined options 1 and 4

Plot combined options 1, 2, and 4

Plot combined options 1, 2, 3, and 4

No punched output desired

Punch sproothed x, y, and w

Punch smoothed 0, ¥, and w

Punch smoothed o, §¥', and w (YLTE,
YNOSE, YUTE also punched)

Punch smoothed o, 9", and w (YLTE,
YNOSE, YUTE also punched)

Punch xor Yoo t/c/2, and ¢

of camber and thickness distributicn
(ICAMTK must equal 1)

Punch interpolated x and y coordinates
(INTR must equal 1 or 2)

Upper and lower surface x, y, and w
input



CARD

VARIABLE VALUE
1
2
3
ICAMTK 0
1
IBAD 0
1
ITRN 0
1
INTR 0
1
2
NU -
XU, YU, WU 0
1
2
3
NL -
XL, YL, WL 0
1
2
3

ORIGINAL PAGE IS

DESCRIPTION OF POOR QUALITY

Upper and lower surface 6, y, and w
input _

Upper and lower surface 6, y', and w
input _

Upper and lower surface 6, y", and w
input

Do not compute camker and thickness
distribution

Compute camber and thickness distribu-
tion

Do not check for bad input coordinates
Check for bad input coordinates

Do not translate and rotate input
cocrdinates

Translate and rotate input coordinates
so that x-axis corresponds to lonygest
chordline

No coordinate interpolation desired
Interpolate smoothed y coordinates

for standard set of 57 x coordinates
defined in subroutine INTP

Interpolate smocthed y coordinates at
input x coordinates (must specify NINT,
XINT, and CNEW quantities)

Number of input upper surface points

Upper surface x, y, and w
Upper surface 6, ¥, and w
Upper surface 6, y', and w
Upper surface 6, y", and w
(card 4 must be input NU times and x
or 8 runs from nose to trailing edge)

Number of input lower surface points

Lower surface x, y, and w
Lower surface 6, ¥, and w
Lower surface 6, y', and w

Lower surface 6, y", and w
(card 6 must be input NL times and x or
8 runs from nose to trailing edge)
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CARD VARIABLE VALUE

7 YLTE, YNOSE, -
YUTE

8 NINT -

9 XINT -

10 CNEW -

DESCRIPTION

Lower surface trailing edge, nose, and
upper surface trailing-edge y
coordinates (Skip this card if I0P=0
or 1)

Number of desired interpolation x

coordinates (Skip this card if INTR = 0
or 1)

Interpolation x coordinates (must be
input NINT times with 8 values per
card, but skip if INTR = 0 or 1)

Desired chord length of interpolated x
and ¥ coordinates. (must be greater
than zero, but skip if INTR = 0 or 1)

The primary restrictions on the input data are that the input value

of the variables ITER not exceed 300 and the values of NU, NL and

NINT not exceed 100. If the user desires to input a weighting value

of 1.0 for any input point, the WU and WL columns may be left

blank. The variables WU and WL are checked in subroutine INPUT to

determine if the weighting value is less than 1.0 and, if so, a

value of 1.0 is substituted.

The coordinates and derivatives for

the upper and lower surfaces must be input from the nose to the

trailing edge for each surface and must be in monotonically

increasing order.
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DESCRIPTION OF OUTPUT FOR AIRFOIL SMOOTHING PROGRAM AFSMO

This appendix contains a description of the output for the air-
foil smoothing program AFSMO. Presented in table II is the sample
l2-page output for the smoothing program utilizing the plot, punch,
camber and thickness, bad-point search, translation and rotation,
and interpolation options.

A summary of the input data is printed on page 1 and all of the
gquantities printed are described in Appendix C. It the IBAD option
is exercised and bad coordinates are found, the bad points and the
corresponding replacement values will be printed on page 2. The
allowable deviation (TOLR) and the surface identifier are printed at
the top of page 2. If the ITRN option is exercised, pages 3 and 4
will be printed. Page 3 contains a listing of the input prior to
translation and rotation and page 4 contains a listing after trans-
lation and rotation. On each page the upper surface coordinates are
listed on the left and lower surface listed on the right. The
coordinates of the leading edge of the longest chord (XNOSE and
YNOSE) in the input axis-syétem and the angle (ANGLE) between the
longest chord and the input x-axis are printed at the bottom of page
4., A summary of the input nondimensionalized ¥ and y coordinates
(X/C and Y/C), e-transformation values (THETA), and weighting
factors (W) are printed on page 5. All data are printed in the
reordered format from the lower surface trailing-edge point clock-
wise around the airfoil to the upper surface trailing-edge point.

If the IOP parameter equals 2, the input first derivative y' (YPS)
will be printed instead of the y coordinate and, likewise if the IOP
equals 3, the input second derivative §“ (YPPS) will be printed.

The value of the computed chord (CHORD) is printed at the bottom of

page 5.
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A summary of the results from the iterative smoothing process is

printed on page 6. The sum-of-squares differences generated during
the iterative least-squares polynomial smoothing process are printed
initially. The differences a~~ printed 10 to a line with iteration
1l to 10 on line 1, 11 tc 20 on line 2, 21 to 30 on line 3, and so
on. Immediately following the printout of the differences, a mes-
sage is printed that states whether the smoothing process converged
either within a specified number of iterations or tolerance, or
began to oscillate during the smoothing process. The next message
printes is the sum-of-squares difference for the least-squares
cubic-spline smoothing process and should always be equal to the
number of coordinates (NP) times the square of the allowable devia-
tion (DF). The last line printed on page 6 is the result of the
iteration procedure in subroutine YNEW to match the upper and lower
surface slopes at the nose. The magnitude listed for DELTA is the
incremental value added to all of the smoothed second derivative
values.

A summary of the smoothed airfoil properties are printed on
page 7. The quantities listed under the THETA, X/C, and Y/C head-
ings are the 6-transformation values and the input X and y coordi-
nates, respectively. The quantities listed under the YT/C heading
are the partially smoothed § coordinates generated during the least-
squares polynomial smoothing process and under the YSMC/C heading
the final smoothed values following the solution ¢f “he cubic-spline
matrix. The quantity listed under the DELTA heading are the differ-
ences between the input and final smoothed y coordinates
(Y/C - YSMO/C). The quantities listed under the YPS, YPPS, DY/DX,

D(DY/DX)/DX and CURVATURE headings are y', y*, dy/dx, d2y/dx?, and
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k, respectively. The value of the leading-cdge radius is printed
next and is simply the reciprocal of the curvature at the nose.

The locations of tne uprer and lower surface inflection points are
printed at the bottom of page 7. A summary of the check of the
final smoothed y and y" values is printed on page 8. Tha check
values are obtained by making a call to the least-squares polynomial
smoothing subroutine LSQSMO input with the final smoothed y
coordinates and a uniform weighting factor » 1.0.

A summary of the desired punched data is printed on page 9.

The upper surface quantities are listed first and then the lower
surface quantities. The values listed adjacent to the DX heading
are the x coordinates if IPUNCH equals 1 and the g-values if IPUNCH
is greater than l. The values adjacent to the DY heading are y, y.
;', or §" if IPUNCH equals 1, 2, 3, or 4, respectively.

A summary of the cambesr and thickness distribution data is
printed on page 10. The quantities listed under the XU/C and YU/C
headings are the smoothed upper surface x and ; coordinates input
during the search for the camberline. The quantities listed under
the XL/C and YL/C headings are the corresponding lower surface
points located during the search. The quantities listed under the
x/c, Y/C, T/C/2, and SLOPE headings are the x, and y. coordi-
nates of the camberline, the local half thickness-chord ratio :/c/2,
and the local slope of the camberline ¢, respectively. The quantity
listed under the ERROR heading are the absolute values of the
difference between the local slopes of the upper and lower surface
coordinates with respect to the local camberline-axis system.

The results of the interpolation process are printed on pages

11 and 12 for the upper and lower surfaces, respectively. The x and
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Yy coordinate values are listed under the XU and YU or XL and YL
headings and are based on a chord equal to the value of the input
parameter CNEW. The quantities listed under the DY/DX, D(DY/DX} /DX,

and CURVATURE headings are dy/dx, d<y/4x%, and k, respectivelv.
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DESCRIPTION OF INPUT FOR AIRFCII. SCALING PROGRAM AFSCL
This appendix contains a description of the input requirements
for the airfoil scaling proygram AFSCL. Ail variables are input with

a card format of 8F1i0.0, except the title card which has a format of

8Al0.
CARD VARIABLE VALUE DESCRIPTION
1 TITLE - 80-column title
2 NT - Number of input thickness and camber
points
2 IPLOT 0 No plots desired
1 Plot scaled airfolil and its thickness
and camber distributions
2 IPUNCH 0 No punched output desired
1 Punch x and y coordinates of scaled
airfoil
2 IOP 0 Slopes of camberline ¢ (TH array) are
input on card 3
1 Slopes of camberline to be computed by
scaling program
3 Xxc, YC, TK, - Yo coordinates of camberline (¥YC),
TH the half thickness distribution t/c/2
(TK), and slope of camberline ¢ (TH)
versus X, coordinate (XC). (Card 3
is input NT times)
4 LT - Number of scaled maximum thickness-chord
ratios
< TKNEW - Scaled maximum thickness-chord ratios

(Card 5 is input LT times)
The input data restrictions are that the variable NT not
exceed 101, the variable LT not exceed 10, and that the coordinates
for the camberline and thickness distribution be input in a

monotonically increasing order from nose to trailing edge.
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DESCRIPTION OF OUTPUT FOR AIRFOIL SCALING PROGRAM AFSCL

This appendix contains a description of the output for the air-
fcil scaling program AFSCL. Presented in table III is a sample
3-page output for the scaling program. A summary of the input data
is printed on page l. A description of the input parameters is pre-
sented in Appendix E. The gquantities listed adjacent to the X/C,
¥/C, and SLOPE headings are the x, and y_ coordinates and local
slopes ¢ (XC, ¥YC, and TH arrays) of the camberline and adjacent to
the T/C/2 heading are the half thickness distribution values t/c/2
(TK array ). The values listed adjacent to the heading NEW T/C are
the . *sired scaled maximum thickness-chord ratios (TKNEW array).

T e va. ue of the maximum thickness-chord ratio for the input airfoil
ar 1cs X coordinate are printed on the last line of page 1.

Page 2 and 3 are then output for the input airfoil and each
airfoil for a desired scaled maximum thickness-chord ratio. A
summary of the upper and lower surface X and y coordinates of the
scaled airfoil is presented on page 2 and the corresponding camber
and thickness distributions on page 3. The slopes of the camberline

in degrees are also printed on page 3.

160



ORIGINAL PAGE 1g

OF POO
REFERENCES R QuaLrry

Abbott, Ira H.; and VonDoenhoff, Albert E.: Theory of Wing
Sections. Doven Publications, Inc., New York, 1959.
Garabedian, P.R.: Transonic Airfoil Codes. NASA CP-2045,
Advanced Technology Airfoil Research, Volume I, Part 1, 1979.
Stevens, W. A.; Goradia, S. H.; and Braden, J.A.: Mathematical
Model for Two-Dimensional Multi-Component Airfoils in Viscous
Flow. NASA CR-1843, 1971.
Eppler, Richard; and Somers, Dan M.: A Computer Program for the
'Design and Analysis of Low-Speed Airfoils. NASA TM 80210,
1980.
Reinsch, Christian H.: "Smoothing by Spline Functions”

Numerische Mathematik, Vol. 10, no. 3, 1967, pp. 177-183.

Hildebrand, Francis B.: Methods of Applied Mathematics.

Second Edition, Prentice-Hall, Inc., 1965.

161



162

TABLE I.

ORIGINAL PAGE 1<
OF POOR QUALITY

~ TRANSFORMATION FUNCTION AND FIRST AND
SECOND DERIVATIVES

<o
OCBNONLEWN=O 2

x/c

0.00000
¢ 00007
+ 00028
«00063
+00113
+ 00176
« 00254
«00345
« 00450
« 00570
«00703
« 00850
+01011
«01186
«01375
s 01577
+01793
+02022
e02265
«02521
«02791
003074
+03370
«03679
+04001
004336
004684
+05044
005617
«05802
+ 06200
e 06610
¢ 07032
007466
07612
«08369
«086838
e 0913190
- 09810
+10313
010827
«11351
«11887
012432
0129088
013556

d(x/c) /46 d? (x/c) /de?
e ——————————
0.00000 066278
«00808 046270
« 01615 066249
« 02622 046216
«03228 046165
« 04033 %6101
«04837 046024
« 05640 0459133
«06441 65827
«07239 +45708
« 08036 045574
«08830 e 454627
009622 045266
010410 %5091
«11196 o%4903
«11978 244701
012756 044485
13530 0864255
¢14301 044013
e 1506¢ 0&37%6
«15P28 043487
016584 063204
e17336 +4290R
»18082 2062599
018823 0262277
019558 041942
¢ 20287 241596
«21010 0612134
«21726 + 40861
022636 040475
023120 040078
023835 0396608
0264523 030246
025205 38812
25878 e 38366
026544 ¢37908
e27201 037439
«2 7851 2369%9Q
028491 036467
«29123 e35964
o2 GT47 0354951
«30361 034926
30966 034301
031561 03384%
032147 033289
032723 032723




OF p

TABLE I. - CONTINUED O0R QuaLrTy

6, deg x/c d(x/c) /a8 a¥(x/c)/ae?

(+/-)
46 «14130 «33289 032147
47 014716 «33845 .31%5¢1
48 «15312 ¢343901 030966
49 015917 «34926 030361
50 016931 035451 029747
51 017154 e35964 029123
52 °17786 «36467 020491
53 «18627 « 36959 .2788%1
54 «19076 037439 027201
55 019734 «37908 026544
56 «20399 «38366 025878
57 021073 +38812 e25205
58 021754 036246 026523
59 022443 236668 023835
50 «23139 040078 021139
61 023842 040475 022436
62 . 26552 . 40861 021726
63 «2526F 41234 .21010
64 + 25991 41504 020287
65 026720 041942 19558
66 027455 042277 10823
67 028195 042599 .18082
68 028942 ¢ 42908 +17336
69 029693 043204 «16586
70 +30450 .63487 .15828
71 e31211 043756 «15066
72 031977 044013 014301
73 032747 . 44255 «13530
74 e33522 044485 012756
75 «34300 044701 .11978
76 e35082 e © 4903 11196
77 «35867 « 45091 010410
78 ¢36656 065266 009622
79 0376447 0456427 08830
80 0382642 045574 «080136
81 +39038 45708 ,07239
82 +39837 045827 006441
83 ¢ 40638 045933 005640
84 041440 v 46024 004837
85 42244 046101 006033
86 043049 046165 003228
87 043856 48214 ,02422
88 064662 046249 001615
89 045470 046270 «00208
90 046278 046278 .00000

163
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TABLE I. - CONTINUED OF POOR QUALlTV
8, deg x/c d(x/c)/de d? (x, .)/d8?
(+/-)

91 047085 o 46270 -4, 00807

92 047893 046249 =eC1614
93 « 48700 046214 -e02418

94 «%9506 0496165 -,03218

95 «50311 046102 -e04013
96 e51115 046025 -904802

97 ¢9519017 045934 -e05584

98 527186 +45830 =-e06358
99 53517 « 45712 -:07122
100 54314 45582 =e07876
101 55108 245438 -o 08618
102 35900 «052801 -e09347
103 056689 045111 '010063
104 57474 ¢ %4930 =e10765
105 56257 044736 =ei1l165]
106 990136 044530 =e12122
107 059811 e443193 -e12775
108 + 60583 054084 -e13411
109 +651350 e43845 -e14029
110 062113 24359¢ ~-e16628
111 62872 043334 ~e15208
112 063626 «%23064 =-e1576R
1123 «64375 042784 -e16308
114 65116 042695 -e16827
115 «65858 062197 ~e17326
116 066592 418690 -+17803
117 67320 2141575 -e18260
118 «63043 41253 =418695
119 +68760 040023 -s1910R
120 069472 «%40586 -¢19500
121 e 70177 040242 -+19871
122 « 70876 35892 -,20220
123 271569 039537 -e20548
124 072256 30175 =420R55
125 72937 + 30809 -221140
126 273611 e38437 -e?21406
127 074279 038062 -e21650
128 0764940 «37682 ~-e21874
129 075594 37298 -s22079
130 276241 036911 =22264
131 076882 036521 ~e22430
132 e 77516 e36128 -e22577
133 e78143 35733 -e22706
134 « 78764 035336 -422218
135 i 079377 034937 =e27911
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TABLE I. - CONCLUDED OF POOR. QuALiTY
8, deg x/c d(x/c) /a6 d?(x/c)/dae?
(+/-)

136 079983 03"533 "0?2988
137 «80582 034134 =22 3049
138 081175 33732 -,23093
139 «81760 33328 -e23123
140 »82338 ¢ 32925 -s23137
141 82909 «32521 -e231137
142 083473 032117 =e23121
143 «84030 e3171¢ -423096
144 «84580 31311 =-¢23056
145 85123 ¢ 30909 -+23004
146 «85659 +30508 «422040
147 86188 +30108 -922865
148 +86710 ¢29710 -e22779
149 o 87225 029313 -022683
150 «B7733 +28918 -e22577
151 +882135 028525 -e22462
152 +88729 28134 -+22338
153 89217 027746 -422206
154 089698 027359 -922066
155 e90172 026975 -s21910
156 «90639 226594 -021764
157 091100 026216 -e21604
158 «91556 «25840 -e21437
159 092002 025467 -921264%
160 092443 025098 -e21086
161 092078 026731 -e209046
162 ¢93307 024368 -,20716
163 «93729 024008 ~e20525
164 e 94145 23652 ~e203209
165 094554 023299 -e70131
166 004958 022949 =9190282
167 «95356 «22603 019724
168 095747 022261 -e19516
169 096133 021922 -+19306
17¢ «96512 021587 -e19094
in ¢ 96886 ¢ 21255 -s1 8421
172 «9725¢ «20928 ~e18666
173 e 97617 «20604 =-e18449
174 297973 ¢ 20284 -e182131
175 «98325 «19967 -.18011
176 298670 ¢16655 -e177%4
177 +99011 01934¢ ~-e17575
174 099346 «16041 -s173%5
179 e99676 018740 -e17135
180 =e16915

1.00000

018443
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GE 1S
OUAGINAL PA
TABLE 11, - SAMPLE QUYPUT FOR AIRFOIL SMOUTHINC PROGRAM

PAGE 1 oUTPUT
=« INPUT DATA~=
TIT E== // GAtwl~] AIRFDIL WIYH BAD COORDINATE POINTS 7/
ITEQ = 100 1PLOTY = 10 IPUNCH = ] v = 0 1CAuTK = ] 1RAD = ] ITRN = INtTR = 2
NI 40
Xt= c. +200000C=-02 +«S000C0E-C2 .1250008~-01 «250C00F-0C1 -375000E~-01 500000 0} L7500 -01
«100000F»u0 «125000€+00 +150000E+00 «172000E+00 «200000E+00 +2500006€+00 +30000GE-00 +<50000€+00
«800000E+00 +450000€+0¢C +S00000E+00 +550000€+00 +575000€+00 +6000C0E+00 +625000E 00 +650300E+00
«875000F«00 «TO00000F«00 «T250002+00 + 1500008 +00 «T7T5000E+00 -800000£+00 +82S000€+00 «850000E+00
«BT75000E+00 «900000E«00 2925000€+00 +950000E+00 +»975000€E+00 +990000E+00 «995000€+00 «100000€+01
vz 0, 1330(0E=-01 220400rF 0] «30700vE=21 «617000F-01 «496500€-01 «558930€~0]) +655100E~01
+«730000F-01 «790000€=~01 «BACOO00E=-0] «884000E+00 +$20000€~01 +97TO00E=0, «101600E+00 «104000E+00
«104910F 00 »]104450€00 «102530F+00 «991000€~01} «966800E-C1 «937100E-01 «900600E~01 +859900€-01
«313600E-01 «763400E~01 +709200€-01 +651300E~-01 +«590700€-01 +529600€~01 «464600E~01 +«398800E~01
«331500F-01 «263900F=01 «196100€E~01 -12AT00E~-0OL «609000€-02 +200000€=-02 «780000€~03 -, 700000£-03
wy= +1000C07+01 «1CC .00Ee01 +100000E+02 +100000E+01} «100000€+01 «100000£+01 «100000€E+0) «1000G0E+01
+100000FeC] «100000E+0) «100000€+0] «100000E+01 «100000E+01 «106900E+D1] +100000€+0] «100000£+01
+100000Fen] +1C0N00ES0D] «100000E+0) +«100000F+0]) «100C00F«0) «100000€+01 «10000GE01] +100000¢+01
«100D00F.0? «1000007 01 «100000F+01 +10G000E«0} «100000F 01 «100C00E+01 «160000€E+01 «100200E 0]
2120000E+01 «1000P0E+01L «100000E+02 «120000E+01 «103000€+C] «100000E+C1 «130000E+0} «100000€+01
NL = 60
xe= 0. «200000E~02 +500000E-02 *«125000E~01 «250000€-01 «375000€-01 «300000E~01 «750000€~0}
+100000F+00 +125000€+00 +150000E400 «175000E+00 «200000€+00 «250000€+00 +«300000E«00 «350000€+00
+400000F+00 «&S0N00E+00 «500000€+00 «550000€+00 +ST5000€+00 «#00000E«00 «625000E+00 +6S0000€+00
+AT5000F+00 +7000R0E-00 «T25000€+00 «750000E+00 «775000€+00 +80000CE«00 «B25000€+00 «85S0000E+00
«875000F+00 «9500000£-00 «9¢5000E+00 +950000€«00 «975000€+00 «990000E«00 +295000E+00 «100000E+0]
v s 0. =¢930000E=-02 ~.133000€-01 ~e205000E=-01 -e269000€=01 -2319000€-01 =o358000E~01 -e421000F =01
~.4T0000F=01 -,510000£=-01 =.543000F~01 ~.570000€~01 «e5930007=0] -o%2T000E=-01 -.645000£~0" -.652000€-0)
-+ 649000F-01 -.635C00F=-01 -.61000:E=-01 ~«S70000€ -01 -,540000F~01 «45G8000F~01 ~.469000E~0] = 4260080£-01
= 384000F-01 =-+3400C0F-01 «e29%000€-01 ~+249000E~01] -.204000€-91 -+160000€=01 -« 120000£~01 -.0060000£~02
~e5R0000F~02 =,3600006-02 =-,25C000€-02 ~e260000E=02 ~,400000£-02 ~,570000€-02 ~,670000E~02 ~+800C00E~02
L= 100000431 «1000005+03 «1000C0€E-0L «100000€+01 «100Q00E«0]) «100000E«01 «100000:+C1 «100000€+01
«100000€+01 +100000F 03 «100000E401 «100000E«0) «100000€+01 +«100000€+01 «1C0000€+0) «100000E+0]1
«100000F«01 «100000Fe01 «100900E+01 +100000E+01 «*"00000F«01 +100000F«01 «100000E+01 «100000F«01
«100000E+0} +100009F+0} +»100000E«0} +«100000€+01 +4000G0E0] +100000F 01 «100000£ 401 «100000£4+0]
«100000F+0] +100000E+0] «1000C0E~01 «100000E+01 +100000F+01 2100020€40° «100000E+01 +100000E+0])
NINTY = 17
XINT= 0. 21000 'Cap2 «200000F~02 «500000€~02 +1000v0E-01 +500000€-01 «800000E-01 +100000€+00
«200,00F«00 +30000. +00 «400000E«00 +500000E+00 +600000E+00 +7C0000E+00 ~20C000F«00 «90000CE+00
«100100E«01
CuEw = 10,000
PAGE 2 OUTPLT
WARNENT == KAN POINTS MAVE EFN FOUND ON THE UPPER SURFATE RASED ON AN FDIT TOLERANCE OF «010000
AP PNINY AT fx 12 Yy = 175000 Y= +«884000 REPLAZSD WITH Y = .088310
vah PHINY AT 1= § X = 025010 Y= «061700 REPLACED WITH Y = «041720
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ORIGINAL PAGE
TABLE 11. - CONTINUED OF POOR QuaLiTy

PAGE 3 OUTPUT

~=IAPUT CCORDINATSS==

YITLEwe 7/ GA(w)=1 ATRFOIL WlTw HAD COORDINATE POINTS

1 X Yy L YL
1 0,000000 0.000000 0.00000¢ 0.000000
2 +002000 «913000 +002¢C30 ~-+008300
3 «00SCo0 «020400 «005000 ~+013R00
L3 +212500 030700 «012500 =-.020500
S +025000 «041720 +025000 -2 026600
L} «037500 « 049650 «037500 -,031900
? + 259000 « 055690 +«050000 -+03%800
& +075000 « 065510 «075000 -.042100
9 «1000¢0 «073000 «100000 -2047000
10 .125000 +079000 +125000 -.051000
11 «150000 +084000 «150000 -.054300
12 «175000 +088310 +175000 =-,057000
13 «2000¢0 092000 «200000 -+059300
14 «250000 +097700 «250000 -,06270C
s «30n0o0 «101600 «300000 =.C 4500
1s «3S50n00 «1040.0 «350000 -«005200
154 400000 +«104910 «4G00O0O ~+064900
18 «45000n « 104450 +450000 ~,063500
19 «500000 «102580 «500000 -,061000
*0 «S50000 099100 «550000 -.057000
2 «576000 « 096680 «575000 -+054000
22 «600000 +093719 +600000 -.050R00
23 «625c0N « 090060 «625000 -+046900
s «650300 - 085990 +650000 -, 082000
> «6T5000 +081360 «675000 -+038400
cé . T08009 «076340 + 700000 -.038000
27 «72500¢ «070920 « 725000 ~,029400
’8 « 750000 «065130 «750000 -+ 026900
29 « 775000 «05%070 + 775000 ~.C20400
20 +RO0NNO «052860 +800000 -+016000
N «-225000 « 046460 +R25000 -.212000
32 <850000 +039R80 «850000 -+008600
33 «R75000 «033150 «875000 -.005800
b «900010 «026390 «900000 -,003600
35 -92%n00 «019610 925000 -,002%.)
AL 95000 +012870 « 950000 -.002600
37 «975000 +0056090 «975000 -+004000
IR «990000 +002000 « 990000 -.005700
29 »99Snnn +001700 +995000 «.006700
.n 1.000050 ~+000730 1.000000 -.000000
PAGE 4 OUTPUT

==TPANSLATFD AND PNATATED COORDINATFS~-

TIT E=a S/ GA(w)=1 AIRFCIL wlTW BAD COOPDINATE POINTS

1 Xy yu XL YL
1 0.000n00 0,000000 6,000000 0.000000
4 «0019+3 «013009 «002040 - 009291
3 « 00491 «C20422 «005060 -s013778
L] +01236¢ +33C0754 +0125R9 =,020445
5 2024R1R «06]1828 325117 - 026791
L) «0372% «049813 .037638 -.031737
7 049756 «056107 «050155 -o0355R2
a JNT4T14 «065R36 .075182 -, 041773
% «U996R2 0073434 2100204 =, 086565
10 « 126685 «079543 «125221 - 050456
11 «1649633 «0R4652 «15023% -e 053647
12 BYLLY +099070 «175246 =.05623R8
13 «19959p +092R69 «200256 -, 058429
14 «249573 «0987R7 «250270 -e061632
15 «29955% «102904 «300278 ~a063194
1¢ ¢349544 +105522 «350280 - 063477
17 +399540 «106649 «400279 -, 003159
18 « 44954 «106406 «450272 (61542
19 499549 106754 500261 ~.058824
20 +549568 «101492 +550243 - 054607
21 «574574 +099180 «575229 -y051498
22 «S99¢A7 +096319 «60021S -,048100
?3 «624602 092778 625198 =.044181
2w +562620 «088817 +«650180 -.039972
5 «6TAGAO +«084295 «673161 =a 035463
26 +699661 «079384 .700141 ~.030955
?7 «T246R8 074073 +«72%121 «026246
8 «TA9T10 068392 «750101 =.021637
29 «TTATIE « 062441 « 775081 -, 017029
o « 799782 +056339 «800062 -,012520
£ «B24790 +050048 +825044 -, 00R4])}
2 «B490818 2043577 850029 -2 004902
33 «BT484R 2036956 +RTS01T =e 001994
3 «0899877 «030305 +900007 «010315
% 2924904 2023634 «925002 «0J1524
36 « 949935 +017002 950002 001532
37 «9T4964 »010331 «975008 .0002e1
38 «9R9NR2 »006306 «996015 -eON]303
39 « 996978~ 2005028 +97°5020 -, 002372
40 «999994 «003650 1.00002% =,N0G36%0
XNNSE = 0.,000n00 YNOSE = 0,000000 ANGLE = =749
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TABLE 1. - CONTINUED

ORIGINAL PAGE 1S
OF POOR QUALITY

TITLE -~

CP~NPAPWN—~

’7

PAGE 5 OUTPUY
~=C MMARY OF [NPUT DATR=-
6a(w)~1 AIKFO'L WITH BAD COORDINATE POINTS 77
x/C vs¢C THETA ¥os YPPS
1.000000 - u03650 -180,00
+994995 -.802372 «178,46
«9R999¢0 -2001393 =-176.97
«97498) «00026) -172.67
«94997A +001532 -168,.10
+924876 «068152s -160.12
<-R99GRL 000315 -154,63
+A74995 -, 001994 -149,54
+85000R -+ 004902 ~lea,T?
825023 -.008411 -140,29
«R0%042 -+012520 =136,03
«T7S5C62 ~.017028 «131.98
«7S00R2 =-.021637 -128,10
«725103 =+ 026245 -124,37
«70012a -« 030954 -120.77
«6T75168 035463 -117,27
«A501Ce -.03997] =113,86
025182 -«044180 «110.53
«600200 ~.0481R8 -107,27
«575218 -, 051497 «104,06
8502290 =-.054606 =100.89
«S007aP -+058R23 =94 ,64
450261 ~+ 061540 ~88,45
«400280 ~e06315# -82.24
350271 -« 063675 -75.93
+30027¢ -+06319) 60,48
« 260264 -.061610 =-62,66
« 200251 -+058428 =55,4¢
«1757642 -, 056237 =51.5%
150231 ~e 053646 -47,5%2
«125217 -+ 050454 ~43,16
«100201 -.086563 -38,42
«07518) -o041772 =-33.12
«05N154 -.0355R} -26,92
«037637 «a031734 -23,27
.025116 -+ 026790 ~18,.96
+ 012589 -2 020445 ~13.29
005060 -.013778 -8,48
002040 -+ 009291 -5.38
0.0%0000 0.000000 6.00
«v 1943 «013008 $.2%
+006911 «020421 8.35
oN12365 «030753 13.28
024818 «081R27 18,88
037203 +049R11 ?23.16
049755 «056106 26,81
78712 « 065834 33.01
«09967S «073432 in, 32
« 124652 « 079541 43,06
149629 » 084850 47,82
«174610 «0BY0BA 51.49
«199%93 «092667 $5.34
« 249645 »098784 62,57
« 299548 «1029¢61 69,35
«349536 «105519 75.84
«399530 « 106646 82.15
+44953C 106404 86,26
+ 499536 «1047S1 94,56
«549550 101489 100,81
«574559 +099178 103,98
«59967) «096317 107,19
+624587 «092776 110,45
+ 49603 «386814 113,79
«$T4623 « 084293 117,20
«699A48 «0793R2 120,70
AT 1YY «074071 124,31
« TA965] «068390 128,04
«?74716 «062439 131.9)
e 700742 +05613A 135,99
«B24769 050047 180,26
«049797 «043576 164,73
+874825 « 036955 149.50
+ 899854 +030304 154.61
«924083 +023633 160,10
2949911 +017002 166,08
«9T74940 010331 172.66
« 989957 «"06306 176,96
994942 +005028 178,45
999968 +003650 179,99
1.00002%

1.00
1.90
1.00
1.00
1.00
1.00
1.00
1.00
.00
3.00
1.00
1.00
1.00
1.00
1.00
}1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.80
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.0
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00




AGE |g

AL p

-EOOR QuaLrry

ORIGIN,
OF

€0-39561"° 8 Y1730 ONV SNOTLlwy3il 2 NI Q3983ANUD 3AILVALIH4U ONCGI3S Ol INIWASNCQY "IV LNIW3IEONT 3LNdWOD 01 38N03JVudd NOTivaidLg
90=3006L" = ONIHLUOWS 3INIT 4N S3HVNOS LSv3T nOl¥3 S34vNUS 30 wilS
SNOILV¥3ILL #8 H3L14v Q3I943ANOD SS30080 ONIHLOOWS
0t100000° otoovo00°* otooo00* 1100000~ ()
1toooo0o0* ttooooo0* 2100000° 2100000° 2lo0000" £100000° €tooo000°* €100000° +100000° v100000° L]
6100000° s100000° c100000° 9100000° 9100000° L100000° 3100000° g100000° 6100000° 6l100000° L
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ORIGINAL PAGE IS
TABLE 1! . - CONTINUED OF POOR QUALITY

. by
P Y Y T ™)

TITLE=-~ s/ GAtw)=~1 AIRFAIL WITH BAD COORDINATE POINTS ’/

==SMOOTHING OUTPUT SUMMARY-=

1) TUETA | ¥4 Y/¢ YY/C YSmy/C DELTA YpPsS YPPS 0Y/Dx D(0Y/0X) /70X CURVATURE
-180.00 1.000000 <.003650 ~,003634 <.00)634 ~,0000]6 048662 +,251722 «+253004F 00 ~.8658235E+01 «T808889%€«01
-~178,48 994095  <,002372 <~.000482 =-,002eT7) «000100 «040183 ~,231661 =e212594F+00 =.751107€+01 +762919€+01
~176,97 989900 ~-,001393 -,001518 -,001a07 000106 +9D36363 -,213279 =.177523F+00 =+652814E¢0} 62284 1E¢01

~172.67 «9749A3 «000261 «000e872 +000520 -.000279 02008 ~-,16892] ~e 6 T836E~0] =e435650£+01 «429599€+01
~166.10 «949974 .001532 «001736 « 201808 -.000273 «903201 =,12473} =«139704€-~0) = 262847E0] «242776€+01
~160.12 .924979 001528 .001428  ,001491  ,000033 <-,008931 ~,J07946 2356487601 <=,160033£49) «159726€+01
=1564,6) +8999as +00031S + 000093 +000130 +000179 -,019363 ~,109732 «714075F-01} -e127899F <01 +12692TE+0i
-189,54 2RT499S  -,001994 =,002056 ~,00203s «000040 ~,029013 ~.l20B810 +101760€+00 -2 115470E+01 «113699€+01
“1ea,77 850808 ~-,004902 =-.004937 -,004524 «006022 ~.068022 ~,129549 «129104F 00 ~+103885€+01 2101341E-0:
10 -140,29 825023 ~-.0084)]1 <-,008471 -,008a52 «00008]1 ~,050038 -,126252 +152515€+00 ~,845039€+00 «816389€+00
11 =136,03  ,R000s2 -,012520 <=,017S34 <,002496 <,00002) -.050748 ~,1008496 +170175F¢00 -,582089E+00 +557649€ 00
12 ~131,98 775062 ~,017028 =,016960 <~,016899 =,000129 -.005483 -,082023 «181220F+00  ~,310867€¢%0 +299970€+00
13 =128,10 750082 <,021637 =,021582 -,0215%0] =.003136 -,.070152 ~,.05587S 1863676400 -.106339E-00 +101030€+00
14 124,37 «725183 =,026245 =.026270 <-,026175 ~,000070 <-,073120 ~-,035247 <187297F«00 «263583€-0] «250297€E-01
15 -120.77 +T0NLI26 =~.0830054 =,030943 <-,030835 =,000119 <«,074771 =-.017226 «185429€ <00 «119704E400 2113785€ 09
16 =117.27 475148 -,03%663 =.035542 <-,035417 -,00004% =,075079% .00712S «180959E+00 «234592€+00 +223523€+00
17 ~113.86 «650168 =,03997] =,039996 -,039845 -.87351% «04550]1 «172834F+ 00 +411565€«00 «393790£ <00
18 -110.53 +625187 ~,004]180 =,044195 -, 088012 -, 069500 «092741 +159929€ <00 «B617S98€00 +594639€+00
19 =107.27 +600200 ~=,008188 =_,08R010 -,0e7R0] -.063212 +.128078 «142R45F 00 +TORS02E+00 «126168E00
20 ~104.04 «S75215 =,05]1497 =,051353 <,051136 =,00036)1 =.0557S1 138268 «124115€¢00 +151767€«00 «T34T25E4%0
21 =100.99 550229 <~.0540A06 =,054222 -,054008 -,000598 -.0e5130 .13740% «1058R9F «00 +708829E+00 «6970T2E400
¢2 ~34,64 +5002a8 <.05RR23 ~,05865] <-.058462 ~-.000361 ~,033768 126015 +732075€-01 «605127€+00 «600295E+00
27 ~8R,45 (450261 <~.061548 <~.061557 <=,061407 ~,000133 =.021018 .109849 «854342€-01 +510646E+00 +509069€ 00
2n ~R2.26 400268 =~,083158 <~-,063179 -,063068 <~.00008v -,009874 ,095697 «215331F=02 «A4BT4TEGO +448435€+00
2% -75.93 «350271 ~,063€75 =,063676 ~-,063596 ~-.000080 +000110 +085695 ~e206031E~0) «425414E+00 «$25414E+0v
2e 69,44 300270 =.063183 <=.063102 -.063045 =,00016e7 «009507 «080277 =e219416€-8) +446560E+00 «846238E+00
27 ~62.606 «250264 <«,06]1€10 =,001402 <,061364 <~=,000268 .018876 -.078109 ~s4591686~01 «519921€+00 «518261E+00
28 ~55.44  ,20025) =,056428 <-,05838] ~,058366 ~-,.000062 028654 076969 -,.751952F-01 +865834E+00 «660220E€+00
29 ~51.9Y 175242 ~-,056237 =,0562¢7 =,0562A7 .000030 033772 .075308 -,931369¢-01 «776423E+00 «7664629€ +0v
30 -47,52 +150231  ~,053646 =.053062 -,053681 «000036 « 038069 071015 =e116183€+00 «916881E+00 +898453E<00
N ~43.16 «125217 -,06Ca56 =.050480 <~,050519 «00008% «064162 065608 =e139501F+00 «112455E+01 «109251E-01
az ~38.82  L100231 ~-.046583 =,046587 <,046646 L00008) ,049352 .059400 =.17}611E<00 « 147545801 +141260E+01
33 33,12  LO0T31A1 ~.081772 <~.081755 <~,041836 .000053 ,054498 .051649 ~,.215540€+00 «211)50E+01 «197240E 401}
3 -20,92 050154 ~,03558] =,835548 -,035667 «000086 2059347 -02822) =e283233F <00 «353200€+01 «314630€+0)
3s -23.27 «037037 -,03]1736 =,031603 ~-,031809 ~000073 « 061555 «031007 =e336718F+00 +521141€E+0) «#83599E+01
3¢ ~198.66 +025116 =.026790 =,026958 -,027687 000296 « 064298 +04203) =~e827560F 00 230,328E+02 + TUT69TE<0L
k)4 13,78 012989 =,020445 =,020457 <-,020541 .000096 071415 .106413 +666148€+00 «351781E«02 «202704E¢0¢

CENIPNS WN -

36 “B.4R J005060 -,017778 =~.013915 -,013927 «000149 084022 « 189553 -o123119E+0) +161688E«03 «405210€+0¢
39 ~5,34 2002040 =,00929] <,009112 =.00909S -,000206 + 095459 «2334A1 -+219967E+01 +661604E+03 «#69282€+0¢
0 0,00 0.007700 G,000000 <N00ATH «000A78 =,000878 «116289 .210007 «100000€+99 +100600E+99 «342209€+0¢
[} 3.25 « 001943 «013008 «0123068 «012230 «000778 «129279 +073366 «305143E+01 =oT42557E«03 «220266E+0E
a2 8,35 «N0sa1} +020821 .01952]1 «019283 «001533 «130542 ~,026692 +194141E+01) -o202505€+03 +194440€00¢
43 13,27 «012364 +030753 «030569 «030278 «000475 «123997 ~,125730 «116686E+01 «oSTHTSOE 02 «158925€ «0c
L2 18,485 J028A1R0 “belr2Y +N42048 .081716 000114 +110RA0 =,104752 oTal3a]1E00 =.209996€+02 +108865E+0¢
[ 23,10 +03728) +049R11 - 049864 « 049064 «000147 «100957 =,118213 « 554 T64F 00 -+ 106972E«02 «715283€+01
oA 20,#) < 049755 + 056106 «056174 +0558383 +«000223 +094163 =.094693 «*S1UBSE+00 =o644961E+01 «4B3438E+0L
.7 33,012 074712 - N6SE3e -0658%0 «065%48 +000200 +084785 <.078656 +3136277F+00 -432%020E+01 +200177€+01
LY 3a.3? +099679 «073432 +073302 «073960 +000372 «077550 <=.077664 «270285F+00 ~s273550E+01 «192123€+01
L34 43.006 o 126852 «079541 «0TV549 079212 «+ 000329 «070990 =,.08079% 2 22406T76E+00 - ¥57925E+01 145843€¢31)
S0 47,42 + 189620 « 084450 «084720 «084372 «000277 «004710 <=,0061376 «189914F+00 =.123890E+01 «117083E+01
1 51.69 «174610 .08%9068 +0R9111 088754 «00031s .0%859¢ =-.087787 «161814F+00 =+102513€+01 +986145€«00
w2 85.3s » 190562 « 092867 +N92AKA +092493 +000373 «052571 <=.091364 «138106£+00 -.881396E+00 «B56763E+0Q0
s3 62.57 « 289546 +09RTRe «09875% «09€380 «000404 «047645 ~,097742 +989568€-01 =oTO8434E+00 «694212€+00
ca £9,3% « 299549 «10790] «10286]) «102493 «000408 «028761 =.10311s «664176E-01 -+ 887775E+00 +603706E+00
5% 75.8¢ 034953 «105519 0105469 1059077 « 007882 «010758 =-,108843 «373463F=01 ~,SA1603E+00 +560830E+00
56 R2.1% 399530 «106646 + 106647 «106248 +0003%6 004382 =.115939 +YSSR4ZE-02 *.554542€«00 «554400€+0¢
<7 8,36 + 449530 «106404 «106828 «106023 +000381 <~.008890 <,125198 -e187988E-01 =.581912E+00 «583603E+00
sa W, 56 « 499536 «10875] «106741 «104329 +000423 -,022836 <~=.130308 - #95027E-01 ~.649024E+00 +666646E+00

59 100,91 «5495%0 +101489 =1014}8A 101003 0006086 =+,0383. 2 <,148059 =.843443¢~0]) = 7S0B14E+00 +74206T73€+00
60 103,98 «5745%9 «099173 « 099065 «098652 «30052% ~.046684 =,153318 =.103895€+00 ~e814562E+00 +801647€«00
el 1370 599571 «096317 + 096200 095793 000526 =-.0%5350 -.155818 -+ 125C27E¢00 =.877314E400 +857137€+00
(¥4 110405 +«6245A7 «092776 092782 092390 000386 <-,063944 =,1454695 =e147073€+00 ~.806642E+00 «858633E+00
&3 113.79 «649603 N LLIIEY « 088809 +08b439 +000375 -.071706 -,12129& - 169492F ¢ 00 «.025262€+00 «791326E+00
L1g 117,20 674623 +0B4293 +0842319 083976 «000317 -,077998 =.09019a =2 18TC0E+00 -, 723432€+00 «68674TE«00
65 120.70 ohGI004 079382 +079375 «079059 +00032) -,082563 ~,059161 ~s204633F+00 =.611839E+00 «575326E+00
65 124,31 72000 «074071 +0Te0AT «073758 «0003]3 =~-,085430 -,031832 -«218698F+00 =+ SC8RO0E0O «4T4363E+00
w7 178,04 +T4960] +068390 -« 0682399 +06813a 000256 ~.0067TT -.00948% =e230394E+00 ~.422272E ¢ 00 *390751€+00
68 131,93 +TTATIA +062439 +0824063 062243 +000196 <~.086R19 +008247 =e280122E+00 *«IS14ITE-00 «323094E+00
~9 135,99 « 799742 056338 +056346 «056129 +000209 ~,.085739 022266 =< 2082)6F+0¢ ~e291593E+00 «266581€+00
70 140.24 +R24T69 «050087 «050024 069871 +000216 ~-.0836S7 «033773 =e254843E+00 ©s233790£4+00 «212738€«00
71 144,72 +B49757 «063576 + 043554 +063385 000190 <,080635 «043305 =e259903€+00 *.171947€«00 +»195879E+00
r2 143.50 «874np5 «036989 «036973 «03683] «000126 ~,076723 «050607 =a263520F 00 =+105605E«00 +9548T7E~GL
73 154,41 +R99854 «030304 +030323 +030208 «000V96 ~,071994 « 05555 = 265400€4+00 =<376401E-0) «33906TE~01L
Te 100,10 - 924583 «H23633 «023688 + 023599 «000074 ~,006576 +057374 ~e265664E000 «223672E=01 «201922E~-61
75 166,08 949911 .017002 «016977 016919 000083 -,.060694 «055334 *»264805%¢ 0 +496267E-0] «44829T7€-01
76 172.06 «974940 010331 «010329 «01030] +000030 ~,0947%8 +06P0RS - 64360F00 -.205638F~01 «185822€-01
7 176.96 989957 «006306 «00633% 2006323 <«,000017 <~,091e50 +040180 = 265752F ¢ 00 =s 174626€400 +157636E+00
78 178,45 + 994962 «005028 004990 « 004990 +00003R -,050442 « 036839 =2 266029€+00 ««257699€+00 +2322%8E+00
79 179.99 2999968 «00365¢0 «003651 «003651 =.000001 <~,049504 «033162 =e268364E+00 =+359699€+00 +»3280606E+90

LEADING=ENGE RADIUS/Cs 029222

Ov/Nx=p, AT X/C= 943926 v/C= «001047 THETA=  ~164,604
DY/Dxz0, AT x/C= »350865 y/Cz  +.063596 THETAs  =76,004
Dy/NreQ, AT x/C» 416679 v/Cs «106330 THETA= Re, 281
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TABLE [1. - CONTINUED

PAGE 8 OUTPUT

TITLE«= /7 GA(w)=1 AIRFOIL WITH BAD COORDINATE POINTS

CHECK OF SMnOTHFD COORDINATES OFe 000100

1 (YSMO/ =CHE K VALUE) (YPPS=CHECK VALUE)
1 -.500000 =, 000969
2 «000000 -.,000343
3 «000000 000687
[y -+000000 +001928
s -.000001 002463
[ -.000000 +001729
7 «000002 000338
a 000603 -.00121e
9 +0°0002 -.002315
10 +000001 ~.002145
11 ~.000000 -,000833
12 -.000001 000664
13 =-.000001 «001267
is -.000000 +000543
15 +000001 -.001177
16 +N00001 ~+ 002626
17 000000 -+001807
18 «.000001 «002097
19 -.000002 004562
20 -, 000006 «003987
21 -,000004 +0028R9
22 -.000003 +0012R1
23 «.000000 «. 000125
) +000000 =.000594
?5 000001 =.000636
FLS «N00000 -+000322
27 =-.000001 000155
28 -.000002 «000774
29 ~-.000001 +«000666
30 -.000000 «000042
il 000000 -« 000258
32 .000000 +000161
a3 -.000001 000756
34 «NN000}Y =+ 000661
3s 000002 ~,002933
36 000003 ~.005923
7 +700001 ~. 004673
ag -.h00000 004796
39 -.000005 +011671
(Y] -+000005 014370
41 +000002 +000565
a2 .000001 =e007354
43 +«000005 ~.011198
44 -2000001 =.002994
45 -.000001 «0031782
46 -.000002 «003287
7 -.000001 «001379
Y] +000001 =, 000300
Y] «000001 -+000540
sn «000000 -+000116
S1 ~.000000 «000129
&2 -2000000 +000010
53 «000000 ~.000202
56 «000000 +00002¢
55 -+000000 «000210
s6 ~+000000 000311
57 +000000 «000179
58 «000001 ~,000126
59 000001} -, 000797
50 «000002 -+001428
61 «000001 -+002166
62 +000001 ~.002127
%3 «000000 . 000790
LY -,000000 «000217
5% -eN00000 +000592
X *.000000 000667
«7 ~,000000 +000620
“8 ~.000000 «000463
59 =.000000 +000286
70 =.000000 +000195
71 ~+000000 «000218
72 -.000000 2000259
73 «000000 000272
T4 «000000 «000311
75 +000000 «000382
76 +000000 +000389
77 =,000000 «000238
78 -.000000 .000!“
79 «000000 000096
SUY OF SQUARESE «000000 2000750

m



TABLE 11, - CONTINUED

ORIGINAL PAGE IS
OF POOR QUALITY

PAGE 9 CUTeLT

THE FOLLOWING DATA navE RFEN PUNCHED TPUNCH= 1
77 GA(W)=1 AIRFQIL wiTw BAD COORDIVATE POINTS 44
100 = [
NU = 40
D¥ = 0.000000 001943 006911 «012366 +026A18 «037254 «GA9TSH 2074714
« 099482 « 124655 ~ 189633 «1T4b1s « 199586 « 245573 « 299555 « 348544
« 399540 849541 « 499549 +539564 «5T4574 599587 «624602 -549620
«&Tabal +699661 « 724685 «T49T10 774736 799762 2824730 +849818
+874R4R +89937T? Q24906 949935 «9T4964 +989982 994388 «99999%
ny = «000A7R 012230 «019288 «030279 041717 N RT-T.Y ] « 055804 « 365550
+072062 «07921e « 084376 . 0BRTSY . 92496 « 0923233 0102638 «105080
«106251 +10h626 «104331 «101005 . 098655 « 095795 092392 «088442
«08397R «07906] «073760 + 068136 « 062245 «056131 « 049832 «043387
2036432 «030209 023560 .016920 -910301 006323 «00899) « 003651
L o0
Ox = 0,000000 «002040 2005060 «012589 «025117 .037638 «050155 +075382
«100206 125221 -150235 J17524¢ 200256 .256270 »300278 350280
400270 .450272 500261 +550243 «575229 +60021% «625198 650180
«675161 «70016] +725121 +750101 775081 <800062 «825048 .850029
«8T5M 7 « 200007 925002 .950002 «975G08 «99001% 299520 1.000025
Py = +00NATR  ~,009085 =,013927 -,020541 ~,C27087 ~,031809 =.M35668 =,041837
~. 0464847 ~,05052] <,0%368) <~,056P268 ~,0%8367 -~,061366 =,0A3047 =,063597
=e0A3NTN  -,N614090 ~,058463 =~,C5009 <-,05]]3R =.047802 -.0440]s ~,039846
~s035418 «,03M836 =,026176 =,021502 <~.016900 =-.012497 =~.008652 -~,004924
=.002036  .0PA1Y* 501491  L001605  .000520 -.001497 =.002472 -,003634
P—
PAGE 10 OUTPUT
YIVLF== // GA{M)-1 ATPFOIL WITH SAD CONRDIVATE PQINTS 44
~=THICKNESS 8AD CAMRER OISTRIAUTION=-
7 xy/C vis€ /¢ YL/C X/7C YsC T/C72 SLOPE EQROR
1 « 999987 «N03651 «9962346 =,n0320] 999101 «000225 2003534 =14,2073 «000005
2 «994962 004900 «993303 -.002122 «994133 «00143s .003852 ~13,1308 000026
2 «089957 «00n3223 «98P31]1 =.N01212 +980144 « 002556 .003853 ~12,1802 «000023
Y +974940 «0103n01 97325} .000681 «974095 «N05469] .004883 -9,9589 +00N0039
& .0499]1 +0lnajo «9aTET?P «001829 « 963034 o 39376 «007613 -~7,67233 «00N0208
[ «92648083 .02355¢ «922434 «001395 +923658 «012477 «011149 -6,3035 +000019
7 +869854 «0302nR8 «897053 ~.000078 +«891453 +01506% +«015208 ~5.,2838 «00003s
(] +AT4A25 « 036831 «PT1R28 ~.002362 +B73326 01723 +019653 -4,3739 «000012
9 «RA9T797 +N433N5 «046H03 =,005343 «P4R300 «019021 «0240610 ~3,5160 «0n000]
10 +B26T19 «Q89R3] +821956 -.008924 «B233h2 «020454 +029411 -2,7419 «000005
11 « 799742 « 056329 «797212 =,012980 AT 44 «021574 «034578 -2.0768 «000006
12 PRAZY ALY «Nh2263 «772501 =.01T736e «773609 022439 039819 ~1.59938 «000000
13 +74369]) « 063134 +TATAQ0 «=.021927 «T4BT4S +023104 «065040 -1,202% -000005
14 < 724666 «073I78A « 723151 =-.026541 723909 00230609 «050153 -, 8656 «000003
15 «699664 » 079069 698614 =,031115 «699129 «023972 » 055090 -.5352 «000004
16 <AT46213 «OR3974 «674209 =-,0355R6 +hT6816 a 024195 « 059781 ~+1983 «000003
17 649603 2008439 «6469666 <~,039897 549735 026271 «068168 1174 «000003
14 «626587 092390 «625454  =,043969 «£25020 «024210 +06818] «364s «000003
19 +59957} «095703 «600862 =,04T7706 «600217 «024043 «071753 <5153 00000}
20 574559 «09R5K52 +576102 =-,051026 «575331 «0238]13 «074Re3 «5906 «000001
21 249580 «101003 2551259 =-,053A98 «550405 «023552 + 077455 «6323 «00000)
22 « 499536 106329 «501520 ~,05R8368 +«500528 «022980 » 081355 «6985 +00000]
23 +449530 «106023 +451823 ~,061336 + 450677 «02236s . 083687 + 7851 +000000
26 «399539 2106248 «402236 =.06302% +#000R3 021611 «0BABST « 9159 «000000
25 +349535 105077 352752 =-.063595 «351148 «02074) »08435] 1.0926 000000
26 « 299548 «102493 «303336 =,063111 «301462 «019691 « 202823 1.3106 «000000
27 2469566 +0983R0 253936 =-.061529 2251751 018426 +079985 1.5654 +000000
28 «199593 092493 +268506 =,058680 202049 « 016917 +075626 1.8615 +000000
29 174610 LAY oli 776 =,056681 177192 «0156037 072763 2.0338 «00NQ00
30 149629 ~0v637? » 155057 =,054222 «152343 015075 060350 2.2625 +.000000
31 . 124652 «079212 «130394 =-.051227 «127523 «013992 065202 ?2.5205 300000
32 099679 «073060 «105827 =~.047589 +1027°3 »012736 060403 2.9170 « 00000}
kk) «074712 «0ASSAR «0R1AT] ~-,04315] 078092 +011198 » 054454 3,55718 «000002
s 049755 «0S5RR) « 057757 =,C.T772s «053756 «009079 « 046974 4,8859 +000002
35 +037283 « 089654 « 046504 =,036009 «041894 «007528 «042388 6.2449 «000001
36 024817 «041716 «036053 =-.,011268 +030435 «005224 «036922 8.7511 «000500
7 «012366 .03027R +0260R6 -,ur7696 «019226 «001391 « 029691 13,3564 000003
kL] «004911 «0192RA «018947 =,024016 «011927 ~,002464 «022R5S 17.8758 «000003
39 20019423 +012230 +014553 ~,0 17436 «008248 =,0064778 +010139 20,3388 +000002
40 0,000000 «00087R 2007851 ~,016593 «003776 =-.007858 009517 23,3748 «00n005
4] «0020SHh ~.009120 «002556 =,009120 002056 =~,009120 0.000000 26,7300 000000




TAPLE II. - CONGLUDED

ORIGINAL PACE IS
OF POOR QUALITY

PAGE 11 OUTPUT

TITLF== // GA(w)=1 AIRFOIL #ITH BAD COORDINATE POINTS
«=lyPPFR SURFACE INTERPOLATED COORDINATES==

1 xu YU DY/DX L.DY/DX) /DX CURVATURE
1 0.,000000 «008778 «100000E+99 «100000E+99 0342209€+02
2 «010C00 «089074 «841T7266E+0] ~e196293E+04 «2684T76E+02
3 020000 «124016 «301025E+01 =.712541F+03 «223259E+02
4 +050000 «194594 «162363F«01 =.197447€+03 «193756E+02
S 2100000 «273409 «132338E+01 =, 762275€+02 «167032E+02
6 «500000 «559929 «649512€400 =e639751E+01 «485424E+01
7 +800000 .672815 +«3197S4E+00 =.296890E+01 +256556E4+01
[} 1.000000 » 731472 +«269601€+00 ~e212599€4+01 «191361E+01
9 2.000000 2925495 «137748E+00 ~oBT79432E+00 «A54982E+00
10 3,00n000 1.025230 +661428E-0] ~.607111€+00 «603149E«00
11 4,000000 1.062%246 «929760E-02 -,554703E+00 ¢554631E+00
12 .000000 1.043058 ~e498038E-01 ~e649T96E+00 +66T7386E+00
13 ©.,000000 «95739] ~e125403E+00 «~.BTT407TE+00 «857109E+00
16 7.000000 «78986S -, 204851E00 ~+6105]11E+00 «574C03E+00
15 8.,000000 « 560652 -2 24R291E+00 “~e291119E+00 «266134E+00
18 9.000000 «301692 -, 265405E400 =,373856E~-01 «337568E~-01
17 9.999¢¢2 «036510 =, 268368E+00 =¢359699€+00 «324066E+00

CHORD = 10.,0900v0

PAGE 12 OUTPUT
TITLE==- // GA(W)=) AIRFOIL WITH BAD COORDINATE POINTS
-~ OWFR SURFACE IMTFREFOLATEN COORDINATFS=«

1 XL YL pDY/DX N(DY/DX) /DX CURVATURE
1 0.,000000 «00877R «100000E+99 «100000E+99 «362209E+02
2 010000 -.06302¢ =¢335261E+01 «1¢1941€¢04 +448226E+02
3 «020000 -,089558 =e222619E¢01 +631620E+03 +46894)E+02
4 «05C0n0 -.138530 =4 124092E4+01 «164756E£+03 +60T024E402
S «100000 -o186616 «.TT7581E+00 «526254E+02 +258900E+02
.} «500000 ~+356231 ~e2B837T7T8BE«00 «354689F+0] «315786E+01
7 «80000N -,428505 =e205762F 00 «195000€+01 «183240E+01
8 1.000000 =-,4566116 ~e17190RE«00 «147902E+01 +141580E+0}
9 2.000000 ~.583469 =+ 753524€=01 «666T60E+00 2661121E+00
10 3,000000 -.630395 - 220622E~01 «646B44E+00 +6466518E+00
1! 44000000 -e630743 «214127E-01 «448BST4E+00 +448266E+00
12 5.,000000 =-,584799 «730S7S5E=01 «506586E+00 «599778E+00
13 6,000000 -.478298 +142695€+00 +748504E400 « 7262116400
14 7000000 -,308520 «1856414E4+00 +120328E+00 «114379E400
15 8,000020 -,125036 «170199F400 =+581S7SE+00 «S557190€E+00
16 9,000000 «001376 +713R75E=01 =,127916E¢01 0 126946E401]
17 10,000000 -, 036343 =,253004E400 «.865R35£+01 «T88889E+01
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TABLE 111, - CONTINUED

ORIGINAL PAGE IS
OF POOR QUALITY

PAGE 2 OUTPUT

TITLE=~-

O S e T TR
VD NPONESWN~OODNOUN S WN =

NN
—

NN
SN

W NN NN
DOV

w
—

w W W W W
rPRNEWN

3

38
39
40
41
42

]

SCALED COORNINATES FOR (T/C)MAX =

GA(W)=1 SMOOTHED

UPPER
x/C Y/C
0,000000 «00248)
« 001540 «015339
«004400 «023152
011888 »035353
0024575 «048189
« 037282 057165
049869 064188
«0749R7 « 075064
0100029 «083506
¢125043 « 090425
«150050 « 096227
«17508R «101134
«200067 « 105290
«250087 111761
«300103 »116186
«350115 «11R846
0400120 119861
650118 0119240
500107 116891
«550096 0112631
«STH094 «109702
«60009R «106187
0625114 «102049
«650142 «097283
675175 «091932
«700204 « 086063
e 125225 «079760
«750239 «073100
« 775248 « 066155
«80v256 « 058983
«8252%9 051639
«850250 « 044177
« 875225 « 036647
900182 «029101
0925129 « 021596
0950069 «014189
0975017 « 006946
«9899499 «002703
«994998 «001308
1.000000 =,000079

«2000

LOWER

X/C
0.000000
«002428
« 007977
«015506
« 020174
0027742
.037858
« 048093
«059051
«082383
«106KA19
«131197
« 155864
« 1805186
«205149
0254418
«303713
e 353067
«602%503
2452037
+501656
«551283
«576059
«600756
«625312
«e6649T722
e674073
«H9R4LT2
« 722971
« 747555
e 772179
« 796831
«821550
«846409
«871465
«BO6T722
0922126
0947583
«9729¢1
2988032
¢992999
1.000000

ysC

«002481
-.008425
=.,017262
=e024450
=, 027946
-,032821
=,038142
.006?‘93
-,046403
-,053177
-+058773
-,063407
'0067239
=+070401
=,073007
~,076856
=-,079188
=,0R0180
-,079868
-,078182
=,074963
=,069994
-, 066783
=,063060
-,058842
=e 054196
-ea049212
=,043985
=-,038604
-,033161
-, 027777
=,022595
=:017767
=e013434
'0009718
=,006722
.0004591
-,003612
=,004394
-,0061R4
-, 007081
=, 008667
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ORIGINAL PAQE 18
OF POOR QUALITY

TABLE 111, - CONCLUDED

PAGE 3 OUTPUT

TITLE== ¢ GA(W)=1 SMOOTHED A

CAMBER AND THICKNESS DISTRIBUTIONS FOR (T/C)MAX = L2000

CAMBER THICKNESS
1 x/C y/C SLOPE T/C/2
1 « 002428 -,008425 33,9378 0.,000000
4 «003988 =.007390 2149997 «021310
3 «008523 =+004555 19,3415 «062202
4 «012287 =4 002397 17,1557 «053519
S «019815 «001266 13,0916 «070048
6 +031216 « 005023 8.7670 «08T414
7 « 0462673 «007336 6.,2082 «100323
8 «0564A0 « 008892 4,7462 111057
9 « 078685 2010944 3.,3008 128554
10 103324 0012366 246519 0142541
11 «128120 «013509 2.2910 «154073
12 152957 «014494 2.0369 «163695
13 « 177787 «015366 1.,8223 «171754
14 «202608 016142 1.6327 178507
15 252252 0017453 1.3153 0188812
16 301908 0018499 1.0587 195558
17 «351591 ¢019333 +8499 «199201
1R 0401312 ¢ 019997 +6835 199897
19 +451077 ¢ 0620529 «5570 «197583
20 «500882 e 020964 06626 ¢192009
21 +550690 021319 3725 182769
°2 «575576 «021459 3134 «176623
23 «600427 «021563 +2228 0169379
264 «625213 «N21603 0705 «161015
?S +649932 + 021543 «+1590 151597
26 «674624 0021360 -, 4474 «141257
27 «699338 «021039 *eT631 »130159
28 e 726098 +020578 =1,0907 «118476
29 « 748897 «019970 =].4466 0106377
30 «T73714 «019189 ~1,8713 « 094054
31 0798544 «018194 =2.4043 «081712
32 823405 « 016936 ~3,0588 « 069559
33 08“8329 o015371 -3081‘1 0057783
K] «RT73345 +013465 446357 « 0466554
35 +89R8452 011139 ~5.5169 «0360G18
36 +923628 + 008502 =-6,5396 + 026379
37 «948826 « 005289 =7¢9499 «017988
38 973989 2001276 =10.2767 «011534
39 989015 =,001741 =12,4791 +009110
40 993998 -+,002887 -13.,4066 «008630
41 ¢998960 -,004118 ~14.4478 «008347

176




Q_M
x|

Q.
<>
<

Q.|Q.
< |XI

X!

M W e G »® 9 ® b O

ORIGINAL PAGE IS
OF POOR QUALITY

| " 1 —d | " 1 i N A 1 " [ 1 i N |

20 40 60 80 100 120 140 160 180

i i 1 a1 i | S ] s 1 . | i L A ]

20 40 60 80 100 120 140 160 180

' l L ' Nl l A l A l L l i l

N
20 40 60 80 100 120 140 160 180

9,deg

Figure 1.- Properties of @-transformation function.

n



<

178

ORIGINAL PAGE IS
OF POOR QUALITY

//d)

—

+
/r%n Centour

+

Xc B e e o — T

— ¢ S~ Camberline

+

x|

Figure 2. - Cambariine axis system.



ORIGINAL PAGE IS
OF POOR QUALITY

SddA

‘1 uoljdo Butyye|d weabead buiyjoows jjogate Joy joid ajdwes - ‘g ainbi;

/7 SINIOd 31UNIQN00] QY8 HIIM 7104410 [- (M 49 //
*930°Y43HL
08¢ 091 Ohl ocl 001 08 09 Oh G 0 Oc- Oh- 039- 08- 0o1- 021~ Ihi- o9t~ N1
f T T M L A S T — T ¥ T 7 T A T v T T v T T v T v g -
<01~
—480°-
- 1%
<4H0° -
120~
0
“er
-4 hD*
190"
480"
C3H100WS — -ot°
INNT + Jar-
*930°H13HL
08t 091 Oht oct 001 08 03 Oh 0c 0 0c- Oh- 09- 08- 001- 0ct- Chl- 091- 081-
og: - ﬁl.ql T L T T T T T N T v LI T T T T T v L RS SRR | ¥ T v T Y he: -
WN.I - ON-I
02~ - Aw_.-
m—.aﬁ 4et--
ol - 480°-
S0° -+ ~h0 -
0o r 40
S0 W
ol ﬁ -180°
st | qer
e | 19
£ r SddA + 02
0e L SdA — e

79



‘2 uojjdo Bujjjoyd wesbosd bujyjoows jojaje J40) joid ajdwey - 'y 8anbjq

// SIN!OJ 3IUNTQYCH™ Ju8 HLIM 113341 1- (M 18S i’
/X
g0 1 96 06° S8’ 08’ SL* o’ 39’ 09’ DN 0s* Sh* Oh’ g¢* ot* S¢* 0 St [ S0° 0
1.«-....4-1~<~4-*4\<q.4\7..41qi_I1_ﬁ_...q._‘_oﬁ.
\b\\\l\.llit. - I’l”[.lnl *8.!
\\\\\\
e °
/// -
SC
\1\\\'\\\\\\ J
03H100ws —
B eNi + ..
LE
oo
od B

ORIGWNA
of POO



ORIGINAL PAGE I8

‘¢ uopdo Bupyiold weaboad Bujyjoows |1ojije 40) jo0'd Gjdwes - g asnbyy

/7 SINIOd JIUNIQYOCI GEg HLIIM TI103M1d 1-(M)u3d //
*930°Y13HL
ce1 091 Ohi 02! co1 08 09 Nh (4 0 0e- Oh- 09~ 08- not- 021~ Ohl~ 091~ ogt-
r )7 "G B A SRR SEms I S EESEES R BESELEEE LA IR S SN LI A N 0

/ ,. i
/wr.m

©
(&)

OF POOR QUALITY

2
m
(34N LBANNT ) LHOS

I
o
>

4@.m

181



T/C/2

ORIGINAL PAGE 1¢
OF POOR QUAL!TY

1.0

1

-5
X/C

GA(W) -1 AIRFOI.. NITH BAD COORDINATE POINTS

L
-6

L
7

7

4 1.0

//

cigure 6.- Sample piet for airfoil smoothing program plotting option 4.
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Figure 7.- Sample plot for airfeil scaling program
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Figure 8. - Comparison between unsmoothed and smoothed tirst { YPS ) and second { YPPS ) derivatives for a tyoical arrfoil.
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